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Yang Guan, Jieyu Yan, Li Cui, and Yanhua Bai 


1.1 Introduction 

Benign Prostatic Hyperplasia (BPH) is a benign 
prostate disease based on the benign proliferation 
of stromal cells and epithelial cells. Due to fibroid 
hyperplasia and an increase in the glands of the 
prostate, the entire prostate eventually increases 
in size [1—4]. In the pathological process of 
benign prostatic hyperplasia, sex hormones play 
an important role, the most important of which is 
the androgen secreted by the testes. Androgen is 
converted into active dihydrotestosterone (DHT) 
by type II 5a reductase in the prostate, and DHT 
also plays an important role in the proliferation of 
prostate stromal and epithelial cells [5-7]. 

BPH result in lower urinary tract symptoms 
(LUTS), irritating urination syndromes during 
urinary storage, such as increased nocturia, fre- 
quent urination, involuntary urges, and difficulty 
in urinating, and bladder outlet obstruction dur- 
ing emptying, such as delayed onset of urination, 
prolonged urination time, weakened urine flow, 
and incomplete bladder emptying [4—6]. LUTS 
can cause complications such as urinary reten- 
tion, urinary tract infections, and bladder stones. 
Serious complications can include renal failure. 
The patients’ quality of life (QoL) is severely 
affected and even life-threatening [8]. 
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1.2 Epidemiology 

The incidence of BPH increases with age, 41% in 
51—60 years old, 70% in 61-70 years old, and up 
to 90% in 81-90 years old. However, the inci- 
dence rate and severity of BPH vary widely in 
different countries [7, 9]. In the United States, the 
incidence of BPH is about 80% in men aged 80 
years and above. A cross-sectional survey con- 
ducted in South Korea in 2006 showed that the 
total prevalence of BPH was 18% in men aged 50 
years and above [10]. Compared with European 
and American countries, the incidence of BPH in 
Asia is slightly lower. 


1.3 Pathogenesis 

The prostate is located in the pelvis and sur- 
rounded by the rectum, bladder, periprostatic 
vein, and the urinary sphincter, wrapping the ure- 
thra tightly. The shape of the prostate is similar to 
a chestnut. The formation and development of 
hyperplastic nodules are critical pathological 
changes in BPH. The biological basis for the pro- 
gression of BPH is the stromal and epithelial 
hyperplasia. The symptoms of urinary obstruc- 
tion in patients are closely related to the quantity 
of prostate smooth muscle. The main tissue com- 
ponents of the prostate organs are glands and 
stroma, the gland is a composite tube vesicular 
structure, and the stroma is composed of smooth 
muscle, fibrous, vessels, nerves, and other tissues. 
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Hyperplastic nodules are also mainly composed 
of glands and stroma, the type of the nodules are 
distinct depending on the tissue composition, 
quantity, and cell differentiation degree [11-19]. 


1.3.1 Age and Gonadal Hormone 

The prostate has been widely recognized as an 
androgen-dependent organ, 90% of the androgen 
in the prostate comes from the testis. The testos- 
terone and androgen are important factors in pro- 
moting the mitosis of prostate cells, and have 
obvious stimulatory effects on prostate growth. 
However, BPH occurs mainly in aging males 
with lower androgen, and rarely occurs in young 
men with higher androgen. In the plasma of 
young and middle-aged men, the ratio of estro- 
gen and androgen is 1:150. However, the level of 
androgen decreases with age, the ratio of plasma 
estrogen and androgen is 1: (80—120) in males 
aged 60 years and above [20]. The estrogen/ 
androgen ratio may be a balance point of prostate 
interstitial growth at 1:10. Androgen levels are 
not the only factor in the pathogenesis of BPH, 
estrogen also plays a very important role at the 
same time, but estrogen should be based on the 
presence of androgen and synergize androgen to 
promote benign prostatic hyperplasia. The inci- 
dence of BPH is closely related to age and 
gonadal hormones, and is mainly due to the 
imbalance of the proportion of estrogen and 
androgen [21]. 


1.3.2 Inflammation 

Inflammatory chemokine and proteins are struc- 
turally the same as soluble micro-inflammatory 
mediators and growth factors, and chronic persis- 
tent inflammation and repair of abnormal damage 
can lead to BPH. Aggregation of inflammatory 
cells can cause changes in various inflammatory 
factors in the prostate, which can promote the 
proliferation of prostatic epithelial cells and stro- 
mal cells. Chronic prostatitis (CP) plays an 
important role in the development of BPH, and 
both induce each other. The incidence of inflam- 
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matory response in the prostate of BPH patients 
is up to 84-98%, and most patients with BPH 
have a history of CP [22-25]. 


1.4 Manifestation 
BPH can cause lower urinary tract symptoms 
(LUTS), increased nocturia, frequent urination, 
and increased urination during urinary storage, 
delayed urination, prolonged urination time, 
weakened urine flow, and incomplete bladder 
emptying during the emptying period, etc. The 
extent of the symptoms of LUTS does not have 
an absolute correlation with the volume of the 
prostate. The symptoms usually appear in men 
aged between 60 and 70 years [1, 3, 5, 26]. 
Other symptoms include hematuria, urinary 
tract infections, and bladder stones. Capillary 
hyperemia and small blood vessel expansion on 
the prostate mucosa are caused by increased 
glandular traction or friction with the bladder. 
When the bladder contracts, it can cause micro- 
scopic or gross hematuria, which is one of the 
common causes of hematuria in elderly men. 
Urinary retention often leads to urinary tract 
infections, which may be associated with fever, 
pain, or sepsis. In addition, prolonged urine 
retention in the bladder increases the risk of blad- 
der stone [1, 2, 5]. 


1.5 Diagnosis 

The diagnosis of BPH is mainly based on subjec- 
tive symptom, medical history, prostate-specific 
antigen (PSA), urodynamic examination, digital 
rectal examination, and imaging examination, 
including Doppler ultrasound, computed tomog- 
raphy (CT), and magnetic resonance (MR) imag- 
ing. The subjective symptoms could be evaluated 
by international prostate symptom score (IPSS) 
and quality of life (QoL) (Table 1.1). The prostate 
volume could be calculated through imaging 
examination. Cystoscopy can be performed if 
necessary. It is also necessary to exclude neuro- 
genic bladder dysfunction, detrusor sphincter 
dyssynergia by urodynamic examination. 
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Table 1.1 International Prostate Symptom Score (IPSS) 


Less than 
1in5 
Not at all | times 

0 1 


In the past month 

1. Incomplete Emptying 

How often have you had the 
sensation of not emptying your 
bladder? 

2. Frequency 

How often have you had to 
urinate less than every two 
hours? 


More than 
half the 
time 

4 


Less than 
half the 
time 

2 


Your 
score 


Almost 
always 


5 


About half 
the time 


3 


3. Intermittency 

How often have you found you 
stopped and started again several 
times when you urinated? 


4. Urgency 
How often have you found it 
difficult to postpone urination? 


5. Weak Stream 
How often have you had a weak 
urinary stream? 


6. Straining 
How often have you had to strain 
to start urination? 


None 1 Time 2 Times 


3Times |4Times |5 Times 


7. Nocturia 0 1 
How many times did you 
typically get up at night to 


urinate? 


2 3 4 


Total IPSS Score 
Score: 1—7—Mild; 8—19—Moderate; 20-35—Severe 


Satisfied 
mostly 
2 


Quality of life due to 
urinary symptoms Pleased 


1 


Delighted 
0 


If you were to 
spend the rest of 
your life with your 
urinary condition 
just the way it is 
now, how would 
you feel about that? 


Dissatisfied 
mostly 


4 


Terrible 
6 


Mixed Unhappy 


5 


PSA is a specific glycoprotein secreted by 
prostate epithelial cells. Both malignant and non- 
malignant prostate epithelial cells can produce 
PSA, so PSA is not unique to prostate cancer. 
BPH, prostatitis, and prostate biopsy can cause 
PSA to increase. Studies have demonstrated that 
serum PSA was positively correlated with pros- 
tate volume and age [27]. The normal range of 
PSA is 0—4 ng/mL. For values >4 ng/mL, the sen- 
sitivity for prostate cancer detection is 57-79%, 
the specificity is 59-68%, and the positive pre- 
dictive value is 40—49% [28]. 


Digital rectal examination is a routine and 
important diagnostic method that needs to be per- 
formed after bladder emptying. Attention should 
be paid to the boundary, size, and texture of the 
prostate. As for BPH, glands can increase in 
length or width, or both. Different methods are 
used clinically to describe the extent of prostate 
enlargement. The digital rectal examination has a 
certain error in the size of the prostate. If the mid- 
dle lobe protrudes into the bladder, the enlarge- 
ment of the prostate gland during digital rectal 
examination is not obvious. At the same time, if 
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the digital rectal examination is found to have 
suspicious induration on the prostate, a needle 
biopsy should be performed to rule out the pos- 
sibility of prostate cancer. 

Transrectal and transabdominal ultrasonogra- 
phy are commonly used for evaluation of the 
size, shape, and structure of the prostate and the 
post-void residual urine (PVR). The normal value 
of PVR is <10 mL, if it is >10 mL, indicate blad- 
der outlet obstruction. MR imaging can help 
detect early prostate cancer. Urodynamic exami- 
nation, urography, etc. can also be performed if 
necessary. 
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The Treatment of Benign 
Prostate Hyperplasia 


Jieyu Yan, Xiaohui Li, and Ye Li 


Indications for the treatment of benign prostatic 
hyperplasia (BPH) depend on the severity of the 
patient’s disease and the symptoms of the urinary 
system. Treatment options include watchful wait- 
ing, medication or pharmacotherapy, minimally 
invasive treatment, and surgical treatment [1-3]. 


2.1 Pharmacotherapy 
Pharmacotherapy is thought to be the first-line 
treatment for patients with lower urinary tract 
symptoms (LUTS) caused by BPH, and it has 
been proven to reduce prostate volumes by more 
than 30 mL [1]. There are currently three main 
categories of medications for LUTS caused by 
BPH:  alpha-adrenergic receptor blockers, 
5-alpha-reductase inhibitors (SARIs), and anti- 
muscarinic agents, which can be taken alone or in 
combination according to the patient’s condition 
[2]. They can all relieve symptoms and improve 
quality of life, but only SARIs and combination 
therapies have been shown to prevent the disease 
from progressing [3]. 

Alpha-1 adrenoceptor blockade relaxes the 
smooth muscles of the prostate and bladder neck 
[4]. Uroselective agents, such as tamsulosin and 
terazosin, have been shown to produce compara- 
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ble improvement in symptom score and maximal 
urinary flow rate with fewer systemic side effects. 
But the side effects of such drugs should be wary, 
including retrograde ejaculation (higher with 
uroselective agents), erectile dysfunction (ED), 
nasal congestion, hypotension, dizziness, and 
tachycardia. This kind of alpha-blocker works 
immediately after taking it, but it does not work 
until a few weeks later [5]. 

SARIs’ effect includes the inhibition of testoster- 
one’s conversion into its active prostatic androgen, 
dihydrotestosterone [6]. In addition, SARIs can 
induce atrophy and apoptosis of prostatic epithelial 
cells, reducing the risk of progression to acute uri- 
nary retention or requiring surgical treatment [7]. 
Another role of SARIs is to inhibit vascular endo- 
thelial growth factor, thereby reducing microvessel 
density in the glandular suburethral and stromal 
parts [8, 9]. There are currently two drugs of 5ARIs 
on sale, dutasteride and finasteride. The side effects 
of them are consistent with androgen deficiency, 
such as ED, ejaculatory dysfunction, and decreased 
libido. Also, their maximum effectiveness could be 
achieved from 6 months to 1 year. 

Muscarinic receptors (tolterodine) are concen- 
trated on detrusor muscles and other cells such as 
prostate and bladder epithelial cells, or peripheral 
or central nervous system cells. Inhibition of 
muscarinic receptors can reduce smooth muscle 
cell contraction and the sensory threshold of the 
bladder. The role of antimuscarinic may also 
receive regulation of the urinary epithelium and/ 
or central nervous system [10]. 
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Recently, phosphodiesterase 5 inhibitors 
(PDESIs) have been applied in the medical ther- 
apy of BPH. They can increase the concentration 
of cyclic guanosine monophosphate and prolong 
its activity in the cells, which can relieve the mus- 
cle tension of the detrusor, bladder, and urethra. 
Some published randomized control trials have 
shown that PDESIs can effectively treat LUTS 
and contribute to the treatment of ED. In Europe, 
three oral medicines (sildenafil, tadalafil, and var- 
denafil) have been approved for ED, and clinical 
trials for LUTS have also been initiated. Common 
side effects of PDE5Is include headache, back 
pain, facial flushing, and dyspepsia [9, 10]. 


2.2 Surgical Therapy 

Surgical therapy is recommended once symp- 
toms have progressed to moderate to severe IPSS 
scales, or patients have developed severe BPH- 
related complications [10-12], such as secondary 
renal insufficiency, refractory urinary retention, 
recurrent urinary tract infections, repeated blad- 
der stones or gross hematuria, and/or with LUTS, 
and/or patients are reluctant to receive other 
treatments. The choice of surgical procedures 
depends on the patients’ comorbidities, local 
availability, and prostate size, so that the most 
appropriate surgical procedure can be used to 
obtain the minimum risks. There are a variety of 
surgical procedures, which can be divided into 
three categories: open/laparoscopic/robotic sim- 
ple prostatectomy, transurethral resection proce- 
dures, and minimally invasive surgical therapies 
(MIST). Although there are a variety of treat- 
ments mentioned above, treatments for prostates 
>80 mL are still limited. The Current American 
Urologic Association (AUA) guidelines previ- 
ously noted increased complication rates and uri- 
nary catheter times in transurethral resection of 
the prostate (TURP) for prostates >70 mL. 


2.2.1 Open Surgery 

Open prostatectomy, which is the most traumatic 
but most effective and durable, is the oldest surgi- 
cal procedure for the treatment of medium-to- 
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severe BPH-induced LUTS. In the absence of 
endourologic armamentarium and a holmium 
laser, for patients with prostate volume >80 mL 
with absolute surgical indications, or patients 
with moderate-to-severe BPH-induced LUTS 
whose drug conservative treatment is ineffective, 
open prostatectomy is an excellent surgical 
option [10]. Open prostatectomy requires spinal 
or general anesthesia, indwelling the urinary tube 
for 1-3 days. Perioperative complications include 
death (currently <0.25%) and blood transfusion 
(7-14%). Long-term complications include uri- 
nary incontinence (<10%), bladder neck stenosis 
or urethral stricture (approximately 6%), frequent 
retrograde sexual ejaculation, and a small proba- 
bility of permanent urinary incontinence [11, 12]. 


2.2.2 Transurethral Resection 
of Prostate 


Transurethral resection of the prostate (TURP) is 
considered the gold standard for the treatment of 
prostate volume of 30-80 mL [10, 13]. 
Transurethral endoscopy can be used to expand 
the resection transition zone while retaining the 
sphincter and seminal colliculus. The enlarged 
prostate can be resected with unipolar or multi- 
polar current stratification, reducing the risk of 
bleeding. Complications of TURP include sexual 
dysfunction, retrograde ejaculation, postopera- 
tive bleeding, continent urinary retention, TURP 
syndrome, and urinary stricture [14]. For patients 
with complications of bladder outlet obstruction, 
such as repeated acute urinary retention, bladder 
diverticulum or stones, renal function injury 
caused by bladder outlet obstruction, hypochon- 
driac weakness with a large amount of residual 
urine, TURP should be preferred [15]. 


2.3 Minimally Invasive 


Treatment 


Minimally invasive surgical treatment (MIST) 
has gradually developed into an intermediate 
method for the treatment of BPH with the aim to 
reduce the invasiveness treatment. It also aims to 
reduce the invasive surgery-related morbidity and 
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dysfunction. There are a variety of treatment 
options available, including mechanical and 
thermal-ablative strategies. Some of the different 
strategies that have emerged are mature, and 
some are still experimental [16]. 


Transurethral Microwave 
Treatment 


2.3.1 


Microwave thermotherapy is to improve BPH 
and LUTS by microwave radiation through the 
intraurethral antenna, which delivers heat to the 
prostate, causing tissue destruction, cell apopto- 
sis, and denervation of the  a-receptor. 
Transurethral microwave treatment (TUMT) has 
many advantages over invasive treatments, 
including improving sexual function, shortening 
hospital stay, reducing hematuria, and reducing 
blood transfusion [17]. However, TUMT has 
fallen out of favor because of its high rate of 
retreatment and its inferiority to TURP in improv- 
ing LUTS. But for specific patients, it is still an 
option to consider. 


2.3.2 Transurethral Needle Ablation 
of the Prostate 


Transurethral needle ablation of the prostate is to 
place two electrodes in the target prostate tissue 
and generate radio frequency ablation signals 
that generate thermal energy and ablate the tissue 
to cause coagulative necrosis. Transurethral nee- 
dle ablation of the prostate (TUNA) is a local 
anesthesia procedure and can be performed as a 
one-day operation, but it is not suitable for 
patients with prostate >75 mL or isolated bladder 
neck obstruction. Similar to TUMT, TUNA has 
lower morbidity compared to TURP [16]. 


2.3.3 Laser Treatments 
of the Prostate 


The holmium:yttrium-aluminium garnet laser is a 
pulsed solid-state laser with a wavelength of 
2140 nm, which can be rapidly absorbed by water 
and water-containing tissue. Holmium laser 


resection of the prostate (HoLRP) or holmium 
laser enucleation of the prostate (HoLEP) can 
alleviate LUTS. Holmium treatment is surgical 
and requires experience and relevant endoscopic 
techniques. Compared with open surgery, HoOLEP 
has a relatively lower rate of bleeding. The sur- 
geon’s experience is an important factor affecting 
the overall complications [12, 18]. 


2.3.4 Intraprostatic Stents 

For intraprostatic stent implantation, the maxi- 
mal obstruction point can be identified through 
the urethral approach, and a stent or coil is 
implanted under the endoscope. Despite the 
short-term improvement in symptoms, prostate 
stents still have a potential risk of serious compli- 
cations, including stent displacement and 
repeated infection. Relatively high complications 
limit its long-term sustainable application [19]. 


2.3.5 Intraprostatic Injections 
Currently, some prostate injection therapies have 
been developed and have entered the preliminary 
stage of clinical testing. These compounds are 
injected deep into the prostate, causing a chemi- 
cal stimulus response or initiating an apoptotic 
pathway, leading to ablation of the prostate tis- 
sue. At present, the only substance that produces 
a positive result is PRX302, topsalysin, a protein 
that induces apoptosis by forming small holes in 
the cell membrane. It enters the transitional zone 
via a perineal injection [3]. 


2.3.6 Prostatic Urethral Lift 


Prostate urethral lift (Urolift) is a new technique 
for the treatment of LUTS secondary to BPH, 
which can be carried out in the outpatient setting 
under local anesthesia. It is characterized in that 
a plurality of nonabsorbable monofilament 
sutures are placed into the prostate urethra 
through the lateral lobe, forming a large-caliber 
urinary tract under the action of traction. 
Compared with traditional treatments, it retains 
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erection and ejaculation while improving LUTS, 
but Urolift cannot be performed when the median 
lobe of the prostate is enlarged, which is the main 
limitation of it [20]. 


2.3.7 Aquablation 


It refers to the robot assisted with high-speed saline 
for hydrodissection of prostate tissue under tran- 
srectal ultrasound. Unless hemostasis is required 
after aquablation, it does not need heating. A pre- 
liminary study of this technique has shown that the 
technology is highly effective and can reduce the 
risk of potential sexual dysfunction due to the pre- 
cise targeting of the prostate tissue [21, 22]. 


2.3.8 Rezum 


Radiofrequency water vapor thermal ablation of 
the prostate (Rezum) uses a modified cystoscope 
to burst water vapor into the transition zone of the 
prostate. The high-temperature steam causes con- 
vective heat of the treated tissue, which causes 
the tissue temperature of the entire treated area to 
rise rapidly and uniformly, inducing cell death 
and tissue necrosis [23, 24]. 


2.3.9 Prostatic Artery Embolization 


Prostate artery embolization (PAE) was first 
reported in 2000 for the treatment of BPH- 
induced LUTS [25]. This intravascular emboliza- 
tion technique has obvious advantages over 
previous surgical treatments, including local 
anesthesia, not affected by anticoagulants and 
rapid postoperative recovery. The systematic 
review suggests that PAE may become an effec- 
tive alternative to BPH-induced LUTS, and the 
indications for PAE treatment mainly depend on 
the severity of the patient’s symptoms [26]. 

The rise of MIST represents the transforma- 
tion of therapeutic patterns of BPH. In order to 
achieve individualized treatment, these "interme- 
diate therapies" between drug therapy and inva- 
sive surgical treatment have been promoted. 
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MIST methods based on patient and pathological 
factors are diverse and the scope of options is 
expanding, but many MIST methods are still in 
the experimental stage or have no reliable 
evidence-based basis. MIST requires a specific 
population, especially those who value retention 
of sexual function over improvement of urinary 
tract symptoms. More mature data will help 
determine the role of MIST in the evolving devel- 
opment of BPH treatments [16]. 
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3.1 Introduction 

The principal mechanism of prostatic arterial 
embolization (PAE) is occlusion of the prostatic 
artery (PA) by embolic agents, which results in 
ischemic necrosis, reduction of prostate volume 
(PV), and relief of lower urinary tract symptoms 
(LUTS) secondary to benign prostatic hyperpla- 
sia (BPH). PAE is a safe and effective method to 
treat BPH with minimal invasion. According to 
the outcomes of several studies, the clinical 
symptoms improved and the prognosis is good 
after PAE with low incidence of retrograde ejacu- 
lation, erectile dysfunction, and sphincter injury. 


3.2 History of Prostatic Arterial 


Embolization 


Transcatheter arterial embolization was first 
reported by Hald and Mygind [1] in 1974, which 
was used to treat refractory hemorrhage. In 2000, 
DeMeritt et al. [2] reported a patient with hemor- 
rhage and acute urinary retention secondary to 
BPH who was unsuitable for surgery due to its 
relevant comorbidities underwent PAE. Over the 
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successful management of prostatic hemorrhage, 
an unexpected relief in BPH symptoms was 
observed with no complications and sexual dys- 
function, also, the prostate volume reduced by 
40% at 12 months after PAE. 

Based on the primary clinical indications, sev- 
eral animal experiments in pigs and dogs were 
established to assess the safety and feasibility of 
PAE in the treatment of LUTS secondary to BPH 
[3-6]. Sun et al. [3] performed PAE with 500- 
700 um Embophere in large white male pigs to 
prospectively evaluate the technical feasibility 
and safety, the PV decreased without sexual dys- 
function. Jeon et al. [4] assessed the safety and 
efficacy of PAE with 250-355 um polyvinyl 
alcohol particles (PVAs) for BPH in nine 
hormone-induced canine models in 2009, and 
demonstrated that PAE was feasible for reducing 
prostate volume without serious complications. 
In 2013, Brook et al. [5] performed PAE with 
three sizes microspheres (100-300, 300-500, and 
500-700 um) to evaluate the impact of embolic 
size on the therapy response of PAE based on the 
change of perfusion of the prostate on dynamic 
contrast-enhanced magnetic resonance imaging 
(DCE-MRI) and demonstrated that PAE with 
300-500 and 500-700 um microspheres might 
achieve better results than with 100-300 um. 

The first intentional study on PAE to treat 
BPH was performed in 2008 and reported in 
2010 by Carnevale and colleagues [7]. Two 
patients underwent PAE with symptoms of acute 
urinary retention due to BPH who were refractory 
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to alpha-blockers and required long-term urinary 
catheters. They reported the mid-term efficacy of 
the two patients in 2011 and confirmed the safety 
and efficacy of PAE. Since then, multiple clinical 
trials from various institutions and multiple coun- 
tries have been published and affirmed the effi- 
cacy and the safety of PAE [8-20]. The results of 
these studies have shown that PAE is safe and 
effective in decreasing the prostate volume and 
subsequently improve the LUTS secondary to 
BPH significantly. 


3.3 Prostatic Arteries: Imaging 


Anatomy 


PAE is one of the most technically difficult inter- 
ventional procedures with reported technical fail- 
ure rates up to 25%. The most technically 
challenging part of PAE is to identify prostatic 
arteries (PA) accurately and insert catheter into 
PAs successfully, mostly due to the PA anatomic 
variations, small PA diameter, and atherosclero- 
sis. Understanding the detailed anatomy of male 
pelvic arterial anatomy prior to PAE has the 
potential to shorten procedure time, avoid proce- 
dural complications, reduce overall patient radia- 
tion exposure, and achieve the best clinical 
outcomes. PA usually originates from the internal 
pudendal artery (IPA), however, due to anatomi- 
cal variations, variants of PA origins from other 
arteries are also often encountered. 

In 2012, Bilhim et al. [8] used computed 
tomographic angiography (CTA) and digital sub- 
traction angiography (DSA) before PAE to iden- 
tify the number of PAs and their origins, 
trajectory, termination, and anastomoses with 
adjacent arteries in 75 men (150 pelvic sides). 
They found that 57% of pelvic sides had only one 
PA while 43% had two independent PAs, the 
most frequent origin was IPA. Also, they used 
preprocedural CTA to plan treatment and exclude 
patients who were not suitable for PAE due to 
arterial anatomy [9]. 

In 2015, based on DSA findings of 143 
patients with 286 pelvic sides, de Assis et al. [21] 
classified the inferior vesical artery (IVA) with 
the presumption that the PA arises from the IVA, 


J. Zhang et al. 


into 5 subtypes. Type I: IVA originates from the 
anterior division of the internal iliac artery (IIA) 
and has common trunk with the superior vesical 
artery (SVA) in 28.7% cases. Type II: IVA origi- 
nates from the anterior division of the IIA, infe- 
rior to the SVA in 14.7% cases. Type HI: IVA 
originates from the obturator artery in 18.9% 
cases. Type IV: IVA originates from IPA in 31.1% 
cases. Type V: less common origins of the IVA in 
5.6% cases. In addition, 8% of cases have two 
independent prostatic branches in one pelvic 
side, which called double vascularization. 


3.4 PAE: Early Outcomes 


3.4.1 Technical Success 

In the studies by Pisco et al. [20], Carnevale et al. 
[22], and Bagla et al. [23], the technical success 
rate was 97%, 85.0%, and 90%, respectively. 
Currently, PAE is still a technically challenging 
procedure due to the complexity of PA anatomi- 
cal variation and the presence of atherosclerosis 
in elderly patients. The reason for technical fail- 
ure is mainly owing to severe tortuosity and ath- 
erosclerotic changes of the iliac arteries. 

Bilateral PAE can be performed in 85%-95% 
of the patients. Reasons for unilateral emboliza- 
tion included tortuosity and atherosclerotic 
occlusion of the PA, dissection or spasm of the 
PA during selective catheterization, and uninden- 
tified or absence of one side PA [10, 20]. 

Generally, as for selective catheterization, the 
diameter of the PA is not the most important fac- 
tor, the more important parameters include the 
angle of the PA origins and the atherosclerosis of 
IIA, especially when the atherosclerotic plaques 
near the ostium of the PAs and the PAs originate 
from SVA [24]. 

The use of small diameter hydrophilic micro- 
catheters (<2.4 Fr) and shapable hydrophilic 
microwires are recommended and can facilitate 
PA catheterization thereby reduce the procedure 
time and fluoroscopy time. Nitroglycerin can be 
used when the PAs occur vasopasm, however, the 
efficacy is limited because of serious atheroscle- 
rosis in pelvic arteries [16, 17, 24]. 
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3.4.2 Clinical Success 


3.4.2.1 PAE: Outcomes of the Single- 
Arm Non-randomized Control 
Study 
Multiple prospective clinical studies have dem- 
onstrated the safety and efficacy of PAE. Pisco 
et al. [18] carried out a large single-center retro- 
spective cohort study including 630 patients 
showed that patients had significant improvement 
in IPSS, QoL, PV reduction, Qmax, and PVR in 
36 months after PAE. The cumulative clinical 
success rate is 85.1%, 81.9%, and 76.3% in 12, 
30, and 78 months, respectively [18]. 

In addition, several small clinical trials have 
been performed to assess the efficacy of BPH 
patients with acute urinary retention or PV > 
80 mL who are not suitable for TURP. The clini- 
cal success rate is 72.4-98% and they demon- 
strate that PAE is safe and effective to treat larger 
prostate (>80 mL) [16, 25-32]. Bhatia et al. [28] 
reported a single-center retrospective study of 30 
patients with acute urinary retention, at a mean 
follow-up of 18.2 days post-PAE, 26 patients 
were removed the catheters successfully with a 
clinical success rate of 86.7%. Bagla et al. [33], 
in their study in 2015, 78 patients were assigned 
into 3 groups according to PV: group 1 (<50 cm’), 
group 2 (50-80 cm°), and group 3 (>80 cm’), 
there was no statistically significant differences 
of clinical outcomes post-PAE among the three 
groups, also, there was no correlation of changes 
in PV and clinical outcomes. They concluded that 
the clinical outcomes of PAE had no correlation 
with PV pre-PAE [3, 6, 10]. 

In a report from the University of Sao Paulo 
by Carnevale et al. [22] including 11 patients 
with urinary catheters, the technical success rate 
was 75% and 91% (10/11) patients achieved clin- 
ical success (catheter removal and symptom 
improvement) at a mean follow-up of 
22.3 months. In another study of 62 patients, they 
reported the initial clinical failure rate and recur- 
rence rate post-PAE was 2% and 5%, respectively 
[24]. A United States trial reported by Bagla et al. 
[23], the clinical success was 95% (19/20) at 
1-month post-PAE, with an average improvement 
of American Urological Association (AUA) 
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symptom score and QoL of 10.8, 12.1, 9.8 and 
1.9, 1.9, 2.6 at 1-, 3-, and 6-month post-PAE. The 
sexual function improved by 34%, 5%, and 16% 
at 1-, 3-, and 6-month. In addition, the PV 
reduced by 18% at 6-month. There was no minor 
or serious complications. 

Pisco et al. [10, 25] reported that 36% of the 
patients have improved sexual function. This 
may attribute to the discontinuous use of pros- 
tatic medication after PAE which may affect sex- 
ual function as well as by the improvement in 
urinary symptoms and QoL. 

On the basis of the imaging (MRI and US) fol- 
low up, the mean PV reduction is more than 
15-40% post-PAE [17—20, 22-25], and usually, 
the volume reduction was obvious during the first 
3 months after PAE and sustained over time. 
Compared with small prostate size, the reduction 
percentage of large prostate(>90 mL) is higher, 
usually with larger than 30%. 50-80% of patients 
have prostate infarct and progressive PV reduc- 
tion post-PAE, especially in the prostatic central 
zone, and most of them characterized by hyperin- 
tensity in TIWI and hypointensity in T2WI, 
while prostatic peripheral zone has no obvious 
changes. 


3.4.2.2 PAE: Outcomes 

of the Randomized Controlled 

Trials 
The result of several prospective case series, 
small randomized controlled trials (RCT), and 
meta-analyses supported the efficacy of PAE. A 
RCT was carried out to compare PAE with mono- 
polar TURP [34]. There was no significant statis- 
tical difference in IPSS improvement of PAE and 
TURP at 12 weeks (9.23 for PAE, 10.77 for 
TURP). The improvement of Qmax, PVR vol- 
ume, and prostate volume was more effective 
after TURP than PAE. The adverse events, blood 
loss, and shorter hospitalization are more fewer 
occurred after PAE than TURP. The rate of ejacu- 
latory dysfunction is 56% and 84% after PAE and 
TURP, respectively. 

Carnevale FC et al. reported a study including 
30 patients [35], randomized into TURP group or 
standard PAE group, another 15 patients treated 
with PERFECTED technique. Clinical success 
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was 100%, 87.6%, and 100% in TURP group, 
standard PAE group, and PERFECTED tech- 
nique group, respectively. There was no signifi- 
cant statistical difference of IPSS post-PAE 
between TURP and PERFECTED groups. The 
improvement of prostate volume, QoL, and 
Qmax was significantly better in TURP group 
than other groups. However, the TURP group had 
more adverse events, such as the rate of transient 
urinary incontinence and retrograde ejaculation 
were 26.7% and 100%, respectively. The mean 
hospitalization time was longer in TURP group 
than PAE group (2.1 days for TURP, 6 h for 
PAE). Additionally, a retrospective study showed 
that the PAE group with lower direct in-hospital 
costs and shorter hospitalization than TURP 
group [36]. 

Russo GI et al. reported a double-center 1:1 
matched-pair study comparing PAE with open 
prostatectomy (OP), including 80 patients in each 
group whose prostate volume was greater than 
100 mL [15]. The improvement of IPSS, PVR 
volumes, PSA levels, and Qmax were more effec- 
tive in OP group than PAE group at 1-year post- 
PAE. PAE group had higher postoperative 
hemoglobin levels, lower hospitalization rates, 
and lower bladder catheterization rates than OP 
group. Furthermore, the overall incidence of 
complications in PAE group was significantly 
lower than OP group of 8.75% and 31.25%, 
respectively. 

The UK Register of Prostate Embolization 
(UK-ROPE) study was reported by Ray et al. 
[37], which was a multicenter observational 
study evaluating the efficacy and safety of PAE 
(216 patients) and TURP (89 patients) within 
1-year follow-up. They showed that the improve- 
ment in IPSS were 10 and 15 point in PAE and 
TURP, respectively. According to IPSS and QoL 
improvement in 65 propensity score-matched 
patients, PAE is not noninferiority to 
TURP. Moreover, the improvement of prostate 
volume and Qmax rates was significant in PAE 
treatment at | year. 71% of patients in PAE group 
was performed on an outpatient basis and the 
time of recovery was significantly shorter than 
TURP. The National Institute for Health and Care 
Excellence (NICE) recommends that PAE could 
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be performed in selective patients in a collabora- 
tive manner and practitioners are adequately 
trained. 


3.4.2.3 PAE: Predictors for the Clinical 
Outcomes 

To identify predictors of PAE in the treatment of 
LUTS secondary to BPH, several clinical trials 
were performed. In 2015, Wang et al. [16] per- 
formed PAE using a combination of 50-um and 
100-um PVA particles to treat large prostate size 
(>80 mL) of BPH. A total of 117 patients were 
included, the technical success rate was 93.2% 
(109/117). The clinical improvements in IPSS, 
QoL, Qmax, PVR, and PV at 1, 3, 6, 12, and 
24 months were 94.3%, 94.3%, 93.3%, 92.6%, 
and 91.7%, respectively. No major complication 
occurred. They concluded that the combination 
of 50-um and 100-um particles for PAE was safe 
and effective treatment modality for large volume 
BPH. 

Bagla et al., in their study in 2015, 78 patients 
were assigned into 3 groups according to PV: 
group 1 (<50 cm°), group 2 (50-80 cm?), and 
group 3 (>80 cm’), there was no statistically sig- 
nificant differences of clinical outcomes among 
the three groups. Another study by Wang et al. 
[17] in 2016, they performed PAE to treat large 
(>80 mL) and medium-sized prostate glands (50— 
80 mL) to investigate whether the prostate size 
affects the outcome of PAE. A total of 115 
patients were included, group A (n = 64) included 
patients with a mean PV of 129 mL and group B 
(n = 51) with a mean PV of 64 mL. The technical 
success rate was 93.8% and 96.8% in group A 
and in group B, respectively. The clinical out- 
comes in group A were significantly better than 
in group B. They concluded that the larger pros- 
tate glands were with better clinical outcomes 
than medium-sized ones after PAE. 

A recent multicenter study by Abt et al. [38] 
was designed for identification predictors for dif- 
ferent treatment outcomes after PAE in the treat- 
ment of LUTS secondary to BPH. They concluded 
that patients with larger prostates have a higher 
chance of success with PAE. The relationship 
between prostate tissue structure and therapeutic 
effect after PAE has also been paid close attention. 
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In 2017, de Assis et al. [39] performed a retro- 
spective study including 93 patients to determine 
prostate baseline zonal volumetry and correlate 
these findings with clinical outcomes for patients 
underwent PAE for LUTS due to BPH. They 
found that there were strong correlation between 
baseline central gland volume and whole prostate 
volumes as well as prostate zonal volumetry with 
clinical outcomes in patients who underwent 
PAE, and concluded that lager central gland vol- 
ume had better clinical outcomes. 


3.5 PAE: Complications 


3.5.1 Major Complications 

PAE is a safe and painless procedure with low 
morbidity in most cases. There was only a few 
major complications reports [26]. Pisco et al. 
[10] reported a major complication due to nontar- 
get bladder embolization and resulted in an intra- 
luminal volume of necrotic tissue and removed 
by simple surgery without bladder reconstruc- 
tion. Carnevale et al. [22] reported a patient with 
a focal area of hypoperfusion in the bladder neck 
caused by nontarget embolization, which was 
detected at the 30-day MRI follow-up and 
resolved spontaneously at 3 months follow-up 
without any intervention. Nontarget embolization 
of the penile arteries may lead to ischemia with 
pain, erythema, ulcers, or sexual dysfunction [26, 
40, 41]. To prevent complications, a good knowl- 
edge of the PA anatomy is critical so as to per- 
form a superselective catheterization of PAs and 
avoid nontarget embolization. 


3.5.2 Minor Complications 


Minor complications after PAE occurs in 10%- 
15% cumulatively [18—20, 22-26], including uri- 
nary tract infections (3%-8%), dysuria (5—10%), 
transient hematuria (7%-—-10%), transient hemo- 
spermia (1%-10%), transient small amount of 
rectal bleeding (2.5%-8%), and balanitis (1%— 
3%); these complications were the most likely to 
be the result of arterial communications between 
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the prostate, bladder, and rectum, and usually 
treated with conservative therapy without pro- 
longed hospitalization or surgery. Acute urinary 
retention after PAE may occur (10%-20%); for 
relief, a temporary bladder catheter should be 
placed for a couple of hours. Less commonly, an 
inguinal hematoma at the arterial puncture site 
may occur, especially in the patients with on anti- 
platelet treatment; there was no need for 
treatment. 

Bagla et al. [23], using cone-beam CT (CB- 
CT) during PAE, reported contrast enhancement 
of nontarget organs (such as rectum, bladder, 
penis, and seminal vesicles) in half of the acquisi- 
tions after injection of contrast medium into PAs. 
About 15%-30% of patients experienced burning 
sensation in the urethra and irritative voiding 
(frequency, urgency) at 3-5 days after PAE; these 
symptoms were self-limited and could be treated 
with nonopioid analgesic and nonsteroidal anti- 
inflammatory drugs if necessary and disappeared 
during the first 1 week [24-26]. Patients should 
be told that this is a normal finding after PAE. The 
so call “post-PAE syndrome” was defined as 
symptoms like nausea, vomiting, fever without 
infection, urethral burning, periprostatic or pelvic 
pain for 3-5 days after PAE. Generally, these 
symptoms were not considered as minor compli- 
cations [10, 25]. Currently, there was no report of 
sexual impotence or retrograde ejaculation after 
PAE and the comparison of PAE with surgery 
about the incidence of retrograde ejaculation 
very frequently [18—20, 22, 23, 25, 26]. 


3.5.3 PAE: Radiation Injuries 


Radiodermatitis is a rare complication of PAE 
that is associated with long fluoroscopy time and 
excessive radiation dose. Laborda et al. reported 
a case suffered radiodermatitis after PAE with a 
fluoroscopy time of 72 min [42]. Andrade G et al. 
reported a study about the radiation exposure of 
PAE procedure [43], they showed that the aver- 
age fluoroscopy time was 30.9 min, the mean 
dose area product (DAP) was 450.7 Gy cm”, the 
mean peak skin dose was 2420.3 mGy. Moreover, 
the average effective dose to the operator was 
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17 pSv. To reduce the radiation dose, we should 
limit fluoroscopy time and the number of CB-CT 
acquisitions by using low-dose mode, pulse fluo- 
roscopy, collimation, and image hold functions 
when possible. 


3.6 Conclusions 


PAE as a minimally invasive treatment modality 
have provided acceptable short-term improve- 
ment in LUTS secondary to BPH, and it is espe- 
cially suitable for patient with comorbidities 
contraindicating to TURP and surgery. The effi- 
cacy and safety of PAE as a treatment for BPH 
has been proved by published multisociety con- 
sensus articles [44]. Meanwhile, several RCT are 
on study, which compares PAE with other thera- 
pies, including TURP, medical treatment, prosta- 
tectomy, and sham procedure. In addition, a 
prospective nonrandomized trial of PAE compar- 
ing with Urolift is being performed. Furthermore, 
multicenter randomized controlled trials of PAE 
compared with surgical treatment (TURP and 
OP) and other minimally invasive treatment of 
BPH must be carried out to establish the role of 
PAE to treat BPH. 
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4.1 introduction 

In the past decade, prostatic arterial embolization 
(PAE) has become an important minimally inva- 
sive alternative to surgical treatment for treating 
lower urinary tract symptoms (LUTS) following 
benign prostatic hyperplasia (BPH) [1, 2]. Many 
clinical studies have demonstrated PAE as a safe 
and effective modality in reducing symptoms, 
improving function and clinical outcomes, and 
decreasing prostate volume [3-20]. 

PAE is unique in that it can be performed 
without sedation in patients at high risk for anes- 
thesia. In particular, PAE can be performed in 
patients with antiplatelet or anticoagulation at the 
same time if necessary. Other advantages include 
shorter hospitalization and lower costs [21, 22]. 
For these reasons, interventional radiologists as 
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well as patients have increasing interests in PAE, 
and the number of procedures performed is rap- 
idly increasing worldwide. However, PAE is one 
of the most technically difficult interventional 
procedures with reported technical failure rates 
up to 25% [10-15, 23]. Accurate identification 
and catheterization of prostatic artery (PA) are 
one of the most technical challenges due to ana- 
tomic aspects that can lead to increased proce- 
dure time and fluoroscopy time, resulting in 
major radiation exposure for both interventional 
radiologists and patients. Understanding the 
detailed anatomy of male pelvic arterial anatomy, 
including predicting the origins of the PAs and 
identifying the presence of collaterals supply to 
the prostate prior to PAE, has the potential to 
shorten procedure time, avoid procedural compli- 
cations, reduce overall patient radiation expo- 
sure, and achieve the best clinical outcomes [24, 
25]. Therefore, this chapter illustrates the pros- 
tate arterial anatomy relevant to PAE, including 
common and rare variations, and discusses the 
technical details related to each variation. 


4.2 Pelvic Arterial Anatomy 

The internal iliac artery (IIA) is a short artery and 
bifurcates into two large trunks: anterior and pos- 
terior division, and their branches supply the pel- 
vis. Generally, the anterior division branches into a 
superior vesical artery (SVA), inferior vesical 
artery (TVA), internal pudendal artery (IPA), obtu- 
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rator, middle rectal, and inferior gluteal artery. The 
posterior division branches into superior gluteal, 
iliolumbar, and lateral sacral arteries [26, 27]. 

The PAs originate from multiple origins in the 
pelvis and have different names based on differ- 
ent researchers and publications. Clegg [28, 29] 
suggested that many of the difficulties encoun- 
tered in the evaluation and comparison of vascu- 
lar anatomy are due to the lack of uniformity in 
terminology, and the differences in results can be 
interpreted as the result of terminological differ- 
ences, rather than by basic anatomical variations. 
Usually, PA bifurcates into two branches supply- 
ing the prostate: the anteromedial branch supply- 
ing the central gland including the median lobe 
and the posterolateral branch supplying the 
peripheral zone and the apex [30-32]. In most 
cases, both of the two branches originate from a 
single common trunk (Figs. 4.1 and 4.2); less 
commonly they may originate from independent 
origins (Fig. 4.3), which has important technical 
consequences. 

The anatomic findings of cadaveric specimens 
had significant differences with patients with 
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enlarged prostates who may need PAE, due to 
most of them had normal-sized prostates. Also, 
there may be differences in hemodynamic pat- 
terns and vessel size between normal-sized pros- 
tates and enlarged prostates [28-30]. 

BPH generally occurs in the central gland, and 
the main arterial supply is the anteromedial pros- 
tate branches. However, due to the extensive 
anastomoses between the anteromedial and pos- 
terior branches [32, 33], in order to avoid later 
revascularization of the central gland, prostate 
regrowth, and LUTS recurrence, both branches 
should be embolized. 

The PA numbers in each pelvic side are vari- 
able in the published literature [28-33]. Ambrosio 
JD et al. reported their cadaveric study of 40 pel- 
vic sides, a single PA was found in 70% of the 
pelvic halves and 2 PAs in 27.5% of the pelvic 
halves. Garcia-Monaco et al. reported their 
cadaveric study of 36 hemipelvices (18 male pel- 
vices), 77.8% of the pelvic halves had a single 
superior prostatic pedicle and 22.2% had double 
or triple PAs from different origins. In vivo stud- 
ies, observed on angiography and computed 


Fig. 4.1 The two branches of the prostate artery (PA) 
originate from a single common trunk: the anteromedial 
branch supplying the central gland including the median 
lobe and the posterolateral branch supplying the periph- 
eral zone and the apex. Image from a 75-year-old man 
with LUTS due to BPH. (a) Pelvic CB-CT with coronal 
MIP reformat after selective catheterization of the anterior 
division of the right IIA shows the anterior-lateral branch 
of PA (arrowhead), vascularizing the central gland, and 
the posterior-lateral branch of PA (straight arrow), vascu- 
larizing the peripheral gland. The curved arrow marks the 
anastomoses with contralateral PA and the asterisk marks 


contrast-medium staining in the prostate. (b) Pelvic 
CB-CT with axial MIP reformat shows the anterior-lateral 
branch of PA (arrowhead), vascularizing the central gland, 
and the posterior-lateral branch of PA (straight arrow), 
vascularizing the peripheral gland. The curved arrow 
marks the anastomoses with contralateral PA and the 
asterisk marks contrast-medium staining in the prostate. 
(c) Pelvic CB-CT with sagittal MIP reformat shows the 
anterior-lateral branch of PA (arrowhead), vascularizing 
the central gland, and the posterior-lateral branch of PA 
(straight arrow), vascularizing the peripheral gland. The 
asterisk marks contrast-medium staining in the prostate 
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Fig. 4.2 The two branches of the PA originate from a 
single common trunk: the anteromedial branch that vascu- 
larizes the central gland, and the posterolateral branch that 
vascularizes the peripheral zone. Image from a 69-year- 
old man with LUTS due to BPH. (a) Pelvic CB-CT with 
coronal MIP reformat after selective catheterization of the 
anterior division of the right IIA shows the PA (arrow- 
head) supplying the right lobe of the prostate (asterisk). 


Fig. 4.3 The two independent prostate arteries were pre- 
sented. Image from a 73-year-old man with LUTS due to 
BPH. (a) Pelvic CB-CT with coronal MIP reformat after 
selective catheterization of the anterior division of the left 
internal iliac artery shows the anterior-lateral branch of 
PA (arrowhead), vascularizing the central gland. The 
asterisk marks contrast-medium staining in the left lobe of 
the prostate. The curved arrow marks the anastomoses 
between the PA and the distal of the internal pudendal 


tomography angiography (CTA), Bilhim et al. 
reported that two PAs per pelvic side are present 
in 24%—43% of patients. However, in our study, 
we found that 7.4% (22/296) of pelvic sides had 
2 independent PAs. The lower incidence of 2 
independent PAs detected in our study could be 
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(b) Pelvic CB-CT with sagittal MIP reformat after selec- 
tive catheterization of the anterior division of the right IIA 
shows the anterior-lateral branch of PA (arrowhead), vas- 
cularizing the central gland, and the posterior-lateral 
branch of PA (straight arrow), vascularizing the peripheral 
gland. The asterisk marks contrast-medium staining in the 
prostate 


artery (IPA). (b) Pelvic CB-CT with sagittal MIP reformat 
after selective catheterization of the anterior division of 
the left IIA shows the anterior-lateral branch of PA (arrow- 
head), originating from the anterior division of IIA, in a 
common trunk with superior vesical artery (SVA, curved 
arrow); the posterior-lateral branch of PA (straight arrow), 
originating from the proximal of the IPA independently, 
vascularizing the peripheral gland. The asterisk marks 
contrast-medium staining in the prostate 


explained by different techniques used in ours 
(DSA plus CB-CT) versus others (DSA pus CTA, 
or DSA alone) or different in the study patient 
population. It may be difficult to differentiate the 
posterolateral branch from the middle rectal 
artery when the origins are independent; in this 
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case, the use of CB-CT is important to identify 
the correct branches, resulting in avoiding non- 
target embolization of rectum [33, 34]. 

Assis et al. [26, 35] classified the PAs into five 
types according to the origins by digital subtrac- 
tion angiography (DSA) alone (Table 4.1). With 
reference to the Carnevale’s classification [26, 
35], we modified as five types of origins of the 
prostatic arteries using Contrast-Enhanced MR 
Angiography (CE-MRA) in combination DSA 


Table 4.1 Anatomical classification of prostate artery in 
patient with BPH by DSA [35] 


Classification | Incidence | Anatomic description 

Type I 28.7% IVA originating from 
anterior division of IIA, ina 
common trunk with SVA 

Type H 14.7% IVA originating from 
anterior division of IIA, 
inferior to SVA 

Type HI 18.9% IVA originating from 
obturator artery 

Type IV 31.1% IVA originating from IPA 

Type V 5.6% Less common origins 

(others) 


BPH benign prostatic hyperplasia; DSA digital subtrac- 
tion angiography; IA internal iliac artery; IMA inferior 
mesenteric artery; IPA internal pudendal artery; IVA the 
inferior vesical artery with the presumption that the PA 
arises from the IVA; MRA magnetic resonance angiogra- 
phy; SGA superior gluteal artery; SVA superior vesical 
artery 


Table 4.2 PA origin in 176 patients with BPH: 352 pel- 
vic sides with 376 PAs demonstrated by MRA and DSA 


Classification) Incidence} Anatomic description 

Type I 7.5% PA originating directly from 
anterior division of IIA 

Type II 48.9% PA originating from anterior 
division of ITA, in a common 
trunk with SVA 

Type Ill 29.0% PA originating from internal 
pudendal artery 

Type IV 8.0% PA originating from 
obturator artery 

Type V 6.7% Less common origins (SGA, 
IMA, middle rectal artery, 
accessory IPA, or others) 


BPH benign prostatic hyperplasia; DSA digital subtrac- 
tion angiography; JJA internal iliac artery; IMA inferior 
mesenteric artery; JPA internal pudendal artery; MRA 
magnetic resonance angiography; PA prostatic artery; 
SGA superior gluteal artery; SVA superior vesical artery 


and CB-CT (Table 4.2). In our classification, the 
origin of the PAs was described in order of their 
cranial-caudal position (from upper to lower arte- 
rial branches), which might be a more simple and 
practical classification method. These included 
type I: PA originating directly from the anterior 
division of the internal iliac artery (IIA); type II: 
PA originating from anterior division of the IIA, 
in a common trunk with superior gluteal artery 
(SVA); type IN: PA originating from internal 
pudendal artery, inferior to the superior vesical 
artery (SVA); type IV: PA originating from the 
obturator artery; and type V: less common origins 
of PA, including from the superior gluteal artery 
(SGA), inferior mesenteric artery (IMA), middle 
rectal artery, accessory IPA, or from others. 


4.3 Prostate Arterial Anatomy: 


Imaging Evaluation 


It is very difficult to evaluate pelvic vascular 
anatomy in cadaveric specimens. The main diffi- 
culty is in using images of fresh frozen tissues, 
because it is unable to resolve structures with 
small sizes and similar colors. In addition, the 
pelvic connective tissue, fat and small nerves and 
vessels are almost indistinguishable [30, 36]. 
More detailed vascular anatomy of the pelvic 
region is identified with the use of new diagnostic 
imaging techniques. 

Current imaging techniques, such as CTA, 
DSA, and CB-CT, have been used for identifica- 
tion of the prostate arterial anatomy prior to PAE 
or during PAE [33, 35-38]; however, these tech- 
niques have their own limitations in identification 
of the prostate arterial anatomy. Conventional 
DSA alone may be difficult to identify the pros- 
tatic arteries because there is superimposition of 
viscera in the lower pelvis and perineum. 
Although some groups advocate the use of pelvic 
CTA for treatment planning [36-38], this 
increases the burden of time, contrast medium 
volume, and radiation on patients. In addition, 
CTA is a lack of sensitivity for identification of 
some small prostatic arteries. More recently, the 
utility of CB-CT for identification of PA origin 
has also been described [33, 38]. However, simi- 
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lar to a pre-procedural CTA, the disadvantages of 
CB-CT include increase in ionizing radiation and 
potential nephrotoxic iodinated contrast media. 

Furthermore, MRA as an alternative imaging 
modality has been studied in an effort to match 
the diagnostic accuracy of DSA. With the 
increase of the field strength of MR imagers to 
3.0 T has resulted in an improved image quality 
for the detection of small vessels compared with 
standard 1.5-T units [39-41]. Based on our study 
[42], three-dimensional (3D) reconstructed 
CE-MRA prior to PAE can predict reliably the 
prostatic arterial anatomy, in terms of PA number 
and its origin, collaterals, as well as predicting 
the best X-ray tube angle obliquity for visualiza- 
tion of the origin of PA, and facilitate procedural 
planning; and could potentially reduce the num- 
ber of angiographic runs, total radiation dose, 
and procedure and fluoroscopy times. 

Using CE-MRA in combination with DSA 
and CB-CT, we have identified the most frequent 
origins of the PA and categorized them into I-IV 
subtypes that comprise 93.4% of the 176 patients 
(329/352 pelvic sides), which are comparable 
with the study by de Assis [26, 35], using DSA 
alone to evaluate the PA anatomy. However, 
there were somewhat different in our findings of 
the PA origins from previous results. In our find- 
ings, the PA origins were the most commonly 
found from the anterior division of HA with a 
common trunk with SVA (48.9%), followed by 
type III (PA originating from the IPA) in 29.0%. 
Bilhim et al. [36] described the prostate arterial 
anatomy in 150 pelvic sides by CTA prior to 
PAE. In their study, the most common origin of 
the PA was the internal pudendal artery (34.1%), 
followed by common trunk with the superior 
vesical artery in 20.1%. Maclean et al. [43] 
described the prostate arteries and anastomoses 
in 110 patients with 220 pelvic sides by CTA 
prior to PAE. In their study, the most frequent 
origin of the PA was also the IPA (36.4%); the 
PA arising from anterior division of HA with a 
common trunk with SVA was seen in 17.7% of 
their patients. Differing from what has been pre- 
viously described in the literature that PAs arise 
from the middle rectal artery in 15.5% [32], we 
found only in 2.1% of our patients in this type. 
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Another interesting finding in the present study, 
rarely described in previous literatures, was the 
PA directly originating from the anterior division 
of ITA in 7.5%. Not recognizing this type during 
PAE can lead to unnecessary catheterization of 
multiple vessels, which may lead to increase in 
procedure time, radiation exposure, and iodin- 
ated contrast medium. 

We believe that the different techniques are 
used for the identification of PA anatomy were 
the causes of the different findings. As mentioned 
before, although the pelvic CTA prior to PAE is 
useful for the treatment planning, it is not suffi- 
ciently sensitive to identify some small PAs; 
DSA alone, even using oblique projection, may 
be difficult to identify the origin of the prostate 
arteries. We, therefore, believed that combined 
with CE-MRA, DSA, and CB-CT for identifying 
the prostatic artery anatomy may be more accu- 
rate and more reliable than DSA or CTA alone. 

On a frontal view of DSA, the PA arising ante- 
riorly from the IIA often overlaps with other 
branches. Although an oblique projection is use- 
ful in this situation [10, 11, 36, 37], sometimes it 
is difficult to determine its optimal degree. In our 
study, we predicted the optimal degree for an 
oblique projection to visualize the PA origin in 
345 (98.0%) of the 352 pelvic sides using 
CE-MRA prior to PAE. During PAE, DSA, and 
fluoroscopy with reasonable use of oblique views 
will help identify of IIA branches, especially the 
PAs, and reduce the radiation dose. The routine 
use of ipsilateral anterior oblique projection (35— 
50°) with caudal-cranial angulation (—10°) angi- 
ography for PA identification was previously 
described [10, 11]. However, the exact X-ray tube 
angulation for the identification of PA origin was 
not clear. Multiple oblique projections are known 
to increase scattered radiation reaching interven- 
tional radiologists. In our study, the X-ray tube 
angulation was accurately predicted by pre-proce- 
dural CE-MRA, with a single angle of tube obliq- 
uity for each side tailored to each patient for best 
visualization of the PA origins (a mean of 40 + 15° 
in the left pelvic side and 45 + 20° in the right pel- 
vic side), without caudal or cephalic angulations; 
therefore, the need for multiple DSA series with 
different obliquities was reduced. 
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4.4 Prostate Arterial Anatomy: 


Type I Pattern 


The type I pattern is characterized by the PA 
directly arising from anterior division of ITA, from 
the proximal part of the ITA (Figs. 4.4 and 4.5). 
This type was rarely described in the literature 


M. Wang et al. 


(30-32, 35, 36]. Using CE-MRA in combination 
DSA and CB-CT, we identified this type in 7.5% 
of the 176 patients with 352 pelvic sides. Not rec- 
ognizing this type during PAE can lead to unnec- 
essary catheterization of multiple vessels, which 
may lead to increase in procedure time, radiation 
exposure, and iodinated contrast medium. 


Fig. 4.4 Type I: Prostatic artery (PA) originating directly 
from anterior division of IIA. Image from a 73-year-old 
man with lower urinary tract symptoms (LUTS) due to 
benign prostatic hyperplasia (BPH). (a) The left pelvic 
side three-dimensional (3D) reconstructed maximum 
intensity projection (MIP) image from contrast enhanced 
magnetic resonance angiography (CE-MRA) in a 40° 
ipsilateral anterior oblique view demonstrates the left PA 
(white arrows) originating from the anterior division of 
the IIA. Asterisk marks the prostate region and the arrow- 


heads mark the left internal pudendal artery (IPA). Noted 
the image shows a nice correlation with the DSA of the 
pelvic arteries. (b) Digital subtraction angiography (DSA) 
of the left IA was performed with same-side anterior 
oblique projection (40°). The white arrows mark the left 
PA originating directly from anterior division of IA and 
the arrowhead mark the left IPA. (c) Super-selective DSA 
of the left PA (white arrow) shows the contrast-medium 
staining in the left prostate lobe (asterisk) 


Fig. 4.5 PA originating directly from the anterior divi- 
sion of the ITA. Image from a 63-year-old man with LUTS 
due to BPH. (a) DSA of the left ITA with the catheter tip 
in the proximal part of the anterior division was performed 
in a 35° anterior oblique projection. The straight arrow 
marks PA, the curved arrow marks the inferior gluteal 
artery (IGA), the arrowhead marks the IPA, and the aster- 
isk marks contrast-medium staining in the left prostate 
lobe. (b) Pelvic CB-CT with coronal MIP reformat after 


selective catheterization of the anterior division of the left 
IIA shows the left PA (straight arrow), the IPA (arrow- 
head), and contrast-medium staining in the left prostate 
lobe (asterisks). (c) Pelvic CB-CT with sagittal MIP refor- 
mat after selective catheterization of the anterior division 
of the left ILA shows PA originating from the anterior divi- 
sion of the IIA. The straight arrow marks PA, the arrow- 
head marks the internal pudendal artery, and the asterisk 
marks contrast-medium staining in the prostate 
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4.5 Prostate Arterial Anatomy: 


Type Il Pattern 


The type II pattern is characterized by a common 
trunk with the superior vesical artery (SVA) from 
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the anterior division of IIA, corresponding to the 
type I of the Carnevale’s classification [26, 35]. 
The type II pattern was the most commonly PA 
originating in our in 176 patients with 352 pelvic 
sides (48.9%) (Figs. 4.6 and 4.7). In most cases, 


Fig. 4.6 Type II: PA arising from a common trunk with 
the superior vesical artery (SVA). Image from a 70-year- 
old man with LUTS due to BPH. (a) The right pelvic side 
3D CE-MRA in a 45° ipsilateral anterior oblique view 
demonstrates the right PA (white arrows) arising from a 
common trunk with the SVA (arrowhead). Asterisk marks 
the prostate and the curved arrow marks the right 
IPA. Noted the image shows an exact match with the find- 


ings of DSA in detecting the right PA. (b) DSA of the 
right IIA was performed with same-side anterior oblique 
projection (45°). The white arrows mark the right PA aris- 
ing from a common trunk with the SVA (arrowhead). The 
curved arrow marks the right IPA. (c) Super-selective 
DSA of the right PA (white arrows) shows the contrast- 
medium staining in the right prostate lobe (asterisk) 


Fig. 4.7 Type II: PA arising from a common trunk with 
the superior SVA. Image from a 73-year-old man with 
LUTS due to BPH. (a) The left pelvic side 3D CE-MRA 
in a 40° ipsilateral anterior oblique view demonstrates the 
left PA (white arrows) arising from a common trunk with 
the SVA (arrowhead). Asterisk marks the prostate and the 
curved arrow marks the left IPA. Noted the image shows 
an exact match with the findings of DSA in detecting the 


left PA. (b) DSA of the left IIA was performed with same- 
side anterior oblique projection (40°). The white arrows 
mark the left PA arising from a common trunk with the 
SVA (arrowhead). The curved arrow marks the left IPA. 
(c) Super-selective DSA of the left PA (white arrows) 
shows the contrast-medium staining in the left prostate 
lobe (asterisk). The arrowhead marks the left SVA 
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the PAs give off branches supplying the seminal 
vesicle, and in rare cases, rectal branches can be 
observed in this type. Based on these anatomical 
features, type II pattern have the potential risk of 
nontarget embolization of bladder, seminal vesi- 
cles, and rectum. 


4.6 Prostate Arterial Anatomy: 


Type Ill Pattern 


In type III, PAs originate from the upper or mid- 
dle third of the IPA and comprises 29.0% in our 
176 patients (Figs. 4.8 and 4.9), which is compa- 


Fig. 4.8 Type III: PA arising as a proximal branch of the 
internal pudendal artery (IPA). Images in a 65-year-old 
man with symptomatic BPH. (a) The right pelvic side 3D 
CE-MRA in a 30° ipsilateral anterior oblique view dem- 
onstrates the right PA (solid arrow) arising from the ante- 
rior division of IIA as a proximal branch of the IPA (dotted 


Fig. 4.9 Type III: PA arising as a middle part of the 
IPA. Image from a 67-year-old man with LUTS due to 
BPH. (a) The left pelvic side 3D CE-MRA in a 45° ipsi- 
lateral anterior oblique view demonstrates the left PA 
(white arrows) arising as a middle part of the IPA (arrow- 
head). Asterisk marks the prostate region. (b) DSA of the 
left IA was performed with same-side anterior oblique 


arrow). Asterisk marks the prostate. (b) DSA in a 30° ipsi- 
lateral anterior oblique direction shows the origin of right 
PA (solid arrow) arising from the anterior division of IIA 
as a proximal branch of the IPA (dotted arrow), in accor- 
dance with the CE-MRA findings. Asterisk marks the 
prostate 


fa 


projection (45°). The white arrows mark the left PA aris- 
ing as a middle part of the IPA, the arrowhead marks the 
left IPA, and the curved arrow marks the left obturator 
artery. (c) Super-selective DSA of the left anterior divi- 
sion of the ITA shows the left PA (white arrows), the left 
IPA (arrowheads), and the contrast-medium staining in 
the left prostate lobe (asterisk) 
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rable with the study (31.1%) by de Assis [26, 35]. 
It is a second common type based on our 
observation. Using DSA alone, Bilhim et al. [36] 
described the prostate arterial anatomy in 75 
patients with 150 pelvic sides by CTA prior to 
PAE and demonstrated that the most common 
origin of the PA was internal pudendal artery 
(34.1%). de Assis et al. [35] reported that a rec- 
tum branch was identified from the PA/IVA in 
43.8% cases. 

This pattern has important technical consider- 
ations of nontarget embolization including 
rectum embolization resulting in rectal ulcers and 
hematochezia [34, 35]. Another potential risk is 
the reflux of the embolic agents to the IPA 
territory resulting in corpus cavernosa and penis 
ulcer [44-46]. 


Prostate Arterial Anatomy: 
Type IV Pattern 


4.7 


In the type IV pattern (Figs. 4.10 and 4.11), the 
PAs originate from the upper or middle third of 
the obturator artery. Usually, it is a long artery 
with a tortuous angled origin. The incidence of 
the type IV was variable, from 0% to 18.9% 


Fig. 4.10 Type IV: PA originating from the upper part of 
the obturator artery. Images from a 78-year-old man with 
LUTS due to BPH. (a) The left pelvic side 3D CE-MRA 
in a 45° ipsilateral anterior oblique view demonstrates two 
left PAs (white arrows) originating from the left obturator 
artery (arrowheads): the superior one is the central branch 
of the PA and the inferior one is the capsular branch of the 
PA. The curved arrow marks the left IPA and the asterisk 


described in the literature [32, 33, 35, 36]. This 
type comprises 8.0% in our 176 patients. These 
high differences reported by these authors may 
be explained by the different techniques used for 
the evaluation of the PA anatomy. 

Unlike PAs, the pelvic floor branches usually 
originate from the lower third of the obturator 
artery, which are straight and short and just proxi- 
mal to its terminal bifurcation to the obturatory 
foramen. Nontarget embolization of obturatory 
territory should be avoided in this type of anat- 
omy that may result in bone infarcts, due to the 
potential reflux of embolic agents when perform- 
ing embolization. This is usually asymptomatic 
and diagnosed by follow-up MRI [26, 35]. The 
origin of obturator artery is highly variable, 
which may originate from the anterior or poste- 
rior division of the IIA, from the external iliac 
artery, or from the inferior epigastric artery. 


4.8 Prostate Arterial Anatomy: 
Type V Pattern 
The type V pattern includes less common origins 


that cannot be categorized as types I-IV. It may 
be a native PA or as a consequence of prostate 


marks the prostate. Noted the image shows an exact match 
with the findings of DSA. (b) DSA of the left ITA was 
performed with same-side anterior oblique projection 
(45°). The white arrows mark the two left PAs originating 
from the left obturator artery (arrowhead). The curved 
arrow marks the left IPA. (c) Super-selective DSA of the 
left PAs (white arrows) shows the two PAs supplying the 
left prostate lobe (asterisk) 
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Fig. 4.11 PA originating from the middle part of the obtu- 
rator artery. Images from a 75-year-old man with LUTS 
due to BPH. (a) DSA of the left ITA with the catheter tip in 
the proximal part of the anterior division was performed 
with same-side anterior oblique projection (35°). The 
straight arrow marks the left PA, the arrowheads mark the 
left obturator artery, and the asterisk marks contrast- 
medium staining in the left prostate lobe. (b) Pelvic CB-CT 


with sagittal MIP reformat after selective catheterization of 
the left obturator artery (arrowheads) shows the left PA 
(straight arrow) arising from the proximal part of the obtu- 
rator artery; the curved arrow marks the left IPA. (c) Pelvic 
CB-CT with axial MIP reformat after selective catheteriza- 
tion of the left obturator artery (arrowheads) shows the left 
PA (straight arrow) and contrast-medium staining in the 
left prostate lobe (asterisks) 


Fig. 4.12 Type V: PA originating from the superior glu- 
teal artery: an unusual anatomical variant of the PA origin. 
Images from a 50-year-old man with LUTS due to BPH. 
(a) DSA of the right ITA was performed with same-side 
anterior oblique projection (40°). The white arrows mark 
the right PA originating from the right superior gluteal 


revascularization due to obstructive atherosclero- 
sis or in patients who have been re-embolized 
[26, 35, 47, 48]. The origins in this type include 
from the posterior division, from the accessory 
internal pudendal artery (aIPA), from distal seg- 
ments of the IPA, from the inferior epigastric 
artery, from middle rectal artery, from inferior 


artery (arrowhead). (b) Selective DSA of the right supe- 
rior gluteal artery (arrowhead) shows the right PA (white 
arrows) supplying the prostate (asterisk). (c) Super- 
selective angiography of the left PA (white arrows) shows 
the left PA supplying the left prostate lobe (asterisk) 


mesenteric artery, and others. The incidence of 
the type V was variable, from 2.0% to 8.5% 
described in the literature [26, 32, 33, 35, 36]. 
This type comprises 6.7% in our 176 patients 
(Figs. 4.12 and 4.13). 

The most important variation within type V 
is the origin of the aIPA. The aIPA usually 
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Fig. 4.13 Type V: PA originating from the middle rectal 
artery. Images from a 69-year-old man with LUTS due to 
BPH. (a) DSA of the right middle rectal—prostatic artery 
shows the right PA (straight arrow), the middle rectal 
artery (arrowheads), and contrast-medium staining in the 
right prostate lobe (asterisk). (b) Pelvic CB-CT with coro- 
nal MIP reformat after selective catheterization of the ante- 
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rior division of the right IIA shows the right PA (straight 
arrow), the middle rectal artery (arrowheads), and contrast- 
medium staining in the prostate (asterisk). (c) Pelvic 
CB-CT with axial MIP reformat after selective catheteriza- 
tion of the anterior division of the right HA shows PA 
(straight arrow), the middle rectal artery (arrowheads), and 
contrast-medium staining in the prostate (asterisk) 


Fig. 4.14 Type V: PA originating from an accessory 
internal pudendal artery (aIPA). Images from a 65-year- 
old man with LUTS due to BPH. (a) DSA of the right ITA 
was performed with same-side anterior oblique projection 
(45°). The white arrow mark the right aIPA and the arrow- 
head mark the IPA. (b) DSA of the aIPA (white straight 


presents as a parallel and cranial trajectory rela- 
tive to the IPA, and usually there have important 
anastomoses between aIPA and IPA. Usually, 
the prostatic branches very short and the risk of 
reflux of the embolic agents is high. In order to 
avoid nontarget embolization of pudendal terri- 
tory, protective embolization of distal aIlPA 
using coils or gelatin sponge is required, also 
when high flow anastomoses are present 


arrow) shows multiple small branches supplying to the 
prostate (asterisk). (c) DSA of the aIPA (white arrowhead) 
shows the distal of the aIPA (white straight arrow) that 
was embolized with microcoils prior to PAE. The asterisk 
indicates the contrast-medium staining in the prostate 


between aIPA and IPA (Fig. 4.14). Some varia- 
tions of type V are as consequences of obstruc- 
tive atherosclerotic occlusion of the native PA or 
anterior division branches of IIA. In such cases, 
the revascularization of the central gland and 
peripheral zones of the prostate often from the 
distal branches of obturator artery or IPA, or 
posterior division of IIA, or inferior epigastric 
artery (Figs. 4.15 and 4.16). 
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Fig.4.15 Type V: PA originating from the distal branch of 
IPA. Image from a 67-year-old man diagnosed with BPH 
and prostate cancer. (a) The right pelvic side 3D CE-MRA 
in a 35° ipsilateral anterior oblique view demonstrates 2 
right PAs. One PA (dotted arrow) arises from the anterior 
division of the IIA common trunk with obturator artery 
(curved arrow), the second PA (solid arrow) arises from the 
distal branch of IPA (arrowhead). The asterisk marks the 
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prostate. (b) DSA of the right ITA was performed with 
same-side anterior oblique projection (35°). The dotted 
arrow marks the first PA arising from the anterior division 
of the HA common trunk with obturator artery (curved 
arrow). The solid arrow marks the second PA arising from 
the distal branch of IPA (arrowhead). (c) Super-selective 
angiography of IPA (arrowhead) shows the PA (solid 
arrow) and the staining of the prostate (asterisk) 


Fig. 4.16 Type V: PA originating from a branch of the 
external iliac artery. Images from a 76-year-old man with 
LUTS due to BPH. (a) DSA of the right common iliac 
artery shows complete occlusion of the proximal right IA 
(arrowhead). The white straight arrow marks the branch of 
the external iliac artery, probable the obturator artery. (b) 


4.9 Prostate Arterial 


Anastomosis 


Pelvic arterial supply is markedly communicated 
by anastomoses, most of which are low flow, and 
are only opened or found in high-pressure angi- 
ography [30-33, 36]. Especially, when the com- 
munications with high-flow anastomoses between 


Selective DSA of the branch of the external iliac artery 
(arrowhead) shows a small branch (white straight arrow) 
supplying the prostate (asterisk). (c) Super-selective angi- 
ography of the small branch (white straight arrow) shows 
contrast-medium staining in the prostate (asterisk). The 
curved arrows mark the anastomoses 


the prostatic arteries and adjacent arteries (such 
as rectum, bladder, and penis) are present 
(Figs. 4.1 and 4.17), selectively protective embo- 
lization should be performed using microcoils or 
gelatin sponge to avoid nontarget embolization. 
Furthermore, superselective catheterization is 
needed to insert microcatheters deeper into the 
prostate and distal to the anastomotic origin, also 
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Fig. 4.17 Anastomoses between PA and the adjacent 
arteries. Image from a 79-year-old man with LUTS due to 
BPH. (a) DSA of the left prostatic artery was performed 
with same-side anterior oblique projection (35°). The 
straight arrow marks PA, the arrowhead marks a distal 
branch of the ITA, the curved arrow marks the retrograde 
filling of the left vesical artery, and the asterisk marks the 
left prostate lobe. (b) Pelvic CB-CT with coronal MIP 
reformat after selective catheterization of the left prostatic 
artery shows the left PA (straight arrow), the distal 
branches of the IIA (arrowhead), the left vesical artery 


the embolization should be performed carefully 
to avoid reflux of embolic agents. 

In some cases, some anastomoses are not 
needed to be occluded, such as the small anasto- 
moses between the intraprostatic arteries and the 
obturatory territory or other pelvic parietal struc- 
tures, because this kind nontarget embolization 
does not cause serious complication. Likewise, 
particle reflux or migration to seminal vesicle 
branches may cause hematospermia, however, it 
is a slight complication and self-limited [49]. 
Also, intraprostatic connections, including ipsi- 
lateral anastomoses between anteromedial and 
posterolateral prostatic branches of the same side 
and contralateral anastomoses, should be identi- 
fied. Bilateral embolization may be achieved 
through one side catheterization due to the pres- 
ence of contralateral anastomoses [50]. For this 
reason, a larger amount of particles are usually 
needed for the first hemilobe of the prostate than 
the second lobe, because the contralateral lobe 
has been already partially embolized through 
intraprostatic communications. 


(curved arrow), and the left prostate lobe (asterisk). (c) 
Pelvic CB-CT with sagittal MIP reformat after selective 
catheterization of the left PA shows the corpus cavernosal 
arteries (arrowheads), the rectal—anal branches (straight 
arrow), the vesical artery (curved arrow), and the prostate 
(asterisk). Using low rate or hand injection of the contrast 
medium, these anastomoses were not apparent. In this 
situation, embolization using a slow and controlled infu- 
sion under fluoroscopy could help to avoiding complica- 
tions from nontarget embolization 


It is also very important when ipsilateral anas- 
tomoses between the anteromedial and postero- 
lateral branches, especially in cases with 
independent origins. In these cases, if the pos- 
terolateral branches are not embolized com- 
pletely, revascularization of central gland may be 
occurred, and ultimately lead to prostate regrowth 
and LUTS recurrence [26, 35, 48]. Additionally, 
the posterolateral branch is also often connected 
with the rectal territory through anastomosis or 
the presence of the prostate—rectal trunk, which 
needs to be carefully evaluated before emboliza- 
tion [48]. 

The prevalence of anastomoses between PAs 
and adjacent arteries varies from 32% to 60% 
depending on the methodology used (e.g., DSA, 
CTA, or during cadaveric dissection) [30-33, 36, 
51]. Based on our experience, these anastomoses 
were usually not apparent on angiogram by a low 
rate or hand injection of contrast medium, and 
revealed on CB-CT or DSA by power injector 
(Fig. 4.18). Therefore, in such cases, superselec- 
tive catheterization and embolization of these 
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Fig. 4.18 Anastomoses between PA and the adjacent 
arteries. Image from a 70-year-old man with LUTS due 
toBPH. (a) Pelvic CB-CT with coronal MIP reformat 
after selective catheterization of the right PA (arrowhead) 
shows the multiple anastomoses (straight arrows) and the 
prostate (asterisk). (b) Pelvic CB-CT with sagittal MIP 
reformat after selective catheterization of the right PA 


small-sized anastomoses during the procedures 
are not recommended. In addition, embolization 
using the larger particles and a slow and con- 
trolled infusion of the embolic agents under fluo- 
roscopy could help avoiding complications from 
nontarget embolization. 


4.10 Summary 


Knowledge of classical pelvic vascular anatomy 
and the most common variations of PAs as well 
as the anastomoses between PAs and adjacent 
organ arteries are essential for safe embolization, 
good clinical practice, and optimal outcomes. 
Failure to recognize prostatic branches during the 
initial IIA angiogram may cause unnecessary 
multivascular catheterization, resulting in 
increases of procedure time, radiation exposure, 
and the use of iodinated contrast medium. 
Furthermore, nontarget arteries embolization, 
such as rectal, bladder, or penile branches, can 
cause major complications such as organ 
ischemia. 

With reference to Carnevale’s classification, 
we modified as five types of origins of the pros- 


(arrowhead) shows the penile artery (arrowhead), the rec- 
tal-anal branch (curved arrow), and the prostate (aster- 
isk). This anastomoses was not apparent when angiogram 
using low rate or hand injection of the contrast medium. In 
this situation, embolization was performed using a slow 
and controlled infusion under real-time fluoroscopy could 
avoid nontarget embolization 


tatic arteries using CE-MRA in combination with 
DSA and CB-CT. In our classification, the ori- 
gins of the PAs were described in order of their 
cranial—caudal position (from upper to lower 
arterial branches), which might be a more simple 
and practical classification method. These 
included type I: PA originating directly from the 
anterior division of the internal iliac artery (IIA); 
type II: PA originating from anterior division of 
the ITA, in a common trunk with SVA; type HI: 
PA originating from internal pudendal artery, 
inferior to the SVA; type IV: PA originating from 
the obturator artery; and type V: less common 
origins of PA, including from the superior gluteal 
artery (SGA), inferior mesenteric artery (IMA), 
middle rectal artery, alPA, or from others. We 
believed that combined with CE-MRA, DSA, 
and CB-CT for identifying the prostatic artery 
anatomy may be more accurate and more reliable 
than cadaveric specimens examination, DSA or 
CTA alone, as these previously published results. 
Interventional radiologists should be aware of the 
prostatic vascular anatomy and anastomoses, as 
well as their clinical relevance, collaborating 
with urologists to offer PAE as an alternative 
modality for symptomatic BPH. 
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Before prostatic arterial embolization (PAE), the 
International Prostate Symptom Score (IPSS) and 
quality of life (QoL) are used to assess the sever- 
ity of lower urinary tract symptoms (LUTS) of all 
patients by clinical observation. The International 
Index of Erectile Function (IEF) is used to assess 
the Erectile function. The maximum flow rate 
(Qmax) and the postvoid residual volume (PVR) 
should be measured. In addition, the baseline of 
PSA values, transrectal/transabdominal ultra- 
sound (US), and magnetic resonance (MR) imag- 
ing should be obtained in all patients [1-7]. 


5.1 Pre-procedure Testing 


5.1.1 Laboratory Tests 

Routine laboratory tests include blood routine 
test, renal function, hepatic function, and pros- 
tate-specific antigen (PSA). The normal range of 
PSA is 0—4 ng/mL. For patients with PSA levels 
greater than 4 ng/mL, prostate biopsy is recom- 
mended to exclude malignancy. 
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International Prostate 
Symptom Score 


5.1.2 


The International Prostate Symptom Score 
(IPSS) has seven questions about urinary symp- 
toms and one question about QoL. The seven 
questions include incomplete emptying, fre- 
quency, intermittency, urgency, weak stream, 
straining, and nocturia [8]. Each question has five 
levels depending on the severity of the particular 
symptom and each answer points from 0 to 5. 
The total score of 0-7 is considered mild degree, 
8-19 is considered moderate degree, 20-35 is 
considered severe degree (Table 5.1) [9-11]. 


5.1.3 Quality of Life 


The International Scientific Committee (SCD, 
under the patronage of the World Health 
Organization (WHO) and the International Union 
Against Cancer (UICC), recommends using only 
a single question to assess quality of life (QoL). 
The answers to this question include Delighted (0 
point), Pleased (1 point), Satisfied mostly (2 
point), Mixed (3 point), Dissatisfied mostly (4 
point), Unhappy (5 point), and Terrible (6 point) 
(Table 5.2) [12]. 
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Table 5.1 International prostate symptom score (IPSS) 
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Less than 
lin5 


Not at all | times 


Less than 
half the 
time 


More than 
About half | half the 
the time time 


Almost 


always Your score 


In the past month 


1. Incomplete emptying 


How often have you had the | 0 ii 2 


sensation of not emptying 
your bladder? 


2. Frequency 


How often have you had to | 0 1 2 


urinate less than every 2 h? 


3. Intermittency 


How often have you found | 0 1 2 


you stopped and started 
again several times when 
you urinated? 


4. Urgency 


How often have you found |0 1 2 


it difficult to postpone 
urination? 


5. Weak stream 


How often have you had a 0 1 2 


weak urinary stream? 


6. Straining 


How often have you had to | 0 1 2 


strain to start urination? 


3 4 | 5 


7. Nocturia 


How many times did you None 1 time 


urinate? 


2 times 
typically get up at night to 0 1 2 


3 times 4 times 5 times 
3 4 5 


Total IPSS Score 


Table 5.2 Quality of life score (QoL) 


Quality of life due to urinary 
symptoms Delighted | Pleased 
If you were to spend the rest 0 1 
of your life with your urinary 
condition just the way it is 
now, how would you feel 
about that? 


Satisfied 


mostly 


Dissatisfied 


mostly Unhappy | Terrible 


International Index of Erectile 
Function short form: 


5.1.4 


The International Index of Erectile Function 
short form (IIEF-5) is an abridged five-item ver- 
sion of the 15-item IIEF has been widely used to 
evaluate erectile function pre- and post- 
procedure. The IIEF-5 consists of five items, 
four of them are taken from the six-item erectile 
function domain of the IEF, which is a validated 


measure as a diagnostic evaluation tool based on 
the sexual activity over the past 6 months. The 
fifth item of the IIEF-5 concerns intercourse sat- 
isfaction. Response options are based on rating 
scales from 1 to 5 [13]. A total IIEF-5 score 
ranges from 5 to 25. ED severity can be classi- 
fied into the following five categories: no ED 
(22-25), mild (17-21), mild-to-moderate (12-— 
16), moderate (8-11), and severe (5-7) 
(Table 5.3) [14, 15]. 
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Table 5.3 The ITEF-5 questionnaire 
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Over the past 6 months 


1. How do you rate Low 
your confidence 
that you get and 


keep an erection? 


Very low 


Moderate High Very high 


2. When you had 
erections with 
sexual stimulation, 
how often were 
your erections hard 
enough for 
penetration? 


Almost 
never/never 
time) 


A few times (much 
less than half the 


Almost 
always/ 
always 


Most times (much 
more than half the 
time) 


Sometimes 
(about half the 
time) 


Almost 
never/never 


3. During sexual 
intercourse, how 
often were you able 
to maintain your 
erection after you 
had penetrated 
(entered) your 
partner? 


time) 


A few times (much 
less than half the 


Almost 
always / 
always 


Most time (much 
more than half the 
time) 


Sometimes 
(about half the 
time) 


4. During sexual 
intercourse, how 
difficult was it to 
maintain your 
erection to 
completion of 
intercourse? 


Extremely 
difficult 


Very difficult 


Difficult Slightly difficult Not difficult 


Almost 
never/never 


5. When you 
attempted sexual 
intercourse, how 
often was it 
satisfactory for 
you? 


time) 


A few times (much 
less than half the 


Almost 
always/ 
always 


Sometimes 
(about half the 
time) 


Most times (much 
more than half the 
time) 


Total ITEF-5 score 


5.1.5 Postvoid Residual Urine 
Volume 


The normal value of postvoid residual urine vol- 
ume (PVR) volume is <10 mL. It indicates blad- 
der outlet obstruction when PVR volume > 10 mL 
and indicates chronic urinary retention when 
>300 mL [10]. 


5.1.6 Peak/Maximum Urinary 
Flow Rate 


A flowmeter measures peak/maximum urinary 
flow rate (Q,,,.), average flow rate, voided volume, 
flow time, and time to maximum flow. When the 


volume voided 150-400 mL, if the Qmax < 15 mL/s 
indicate urination difficulty and < 10 mL/s indi- 
cate a severe obstruction. Additionally, neurogenic 
bladder should be excluded. 


5.2 Pre-procedure Imaging 


5.2.1 Ultrasound 

Transabdominal US can measure the prostate vol- 
ume and evaluate the postvoid residual urine vol- 
ume. The prostate biopsy procedure can operate 
from transrectal US if necessary. In addition, 
prostate vascularization can be visualized by 
using Doppler ultrasound. The characteristics of 
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bladder, including diverticula, trabeculations, pol- 
yps, calculus, and wall thickness can be examined 
by US. The Prostate Protrusion Index (IPP) can 
also be measured to evaluate the level of median 
lobe protrusion. PV is measured using the prolate 
ellipsoid method based on the formula: vol- 
ume = transverse diameter x craniocaudal diame- 
ter x anteroposterior diameter x 1/6 [16, 17]. 


5.2.2 Pelvic CT and CT Angiography 
(CTA) Prior to PAE 


According to the study of Little MW et al., pelvic 
CTA can be performed to evaluate PAs prior to 
PAE [18]. An example of CTA protocol included 
that power settings of 80-120 kV and 200- 
300 mA; matrix, 1024 x 1024 pixels; the field of 
view, 400 mm; the voxels, 0.625 x 0.625. The 
injection of contrast material is at 4-6 mL/s; 
mean acquisition time is 3 s for a range of 
29.5 cm. In order to increase PA diameter and 
peak opacification, 800 ug of sublingual nitro- 
glycerin can be administered 3—5 min to vasodi- 
lation before scanning [18]. Voltage and the dose 
of contrast agent should be determined according 
to patient weight. To best understand the pelvic 
vessels, images should be viewed in 1.25-mm 
sections with multiplanar reformatted and use 
maximum intensity images projection. Maclean 
D et al. reported a study of 110 cases [19], they 
reported that PAs were identified successfully in 
97.3% of pelvic sides on preprocedural CTA. The 
effectiveness was obvious when PAs arose from 
external iliac artery, such as accessory obturator 
artery. Preprocedural pelvic CTA can provide 
useful information about pelvic vessels and PA 
anatomy so as to reduce the procedure time and 
radiation exposure and increase technical success 
rate. Disadvantages of CTA included increasing 
the burden of time, contrast medium volume, and 
radiation on patients. In addition, CTA is a lack 
of sensitivity for identification of some small 
prostatic arteries [20-22]. 


5.2.3 Pelvic MRA Prior to PAE 


MR angiography has many advantages in paren- 
chymal vascularity, glandular volume, and malig- 
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nancy without radiation exposure of CT. In the 
author’s institution [9], the MRA is performed on 
a 3.0-T MRI system (Discovery 750, GE 
Healthcare, Milwaukee, WI, USA) using a sur- 
face phased array coil. The enhanced MRI uses a 
3D time-resolved imaging of contrast kinetics 
(TRICKS) including the following sequences: (a) 
Axial, coronal, and sagittal fast spin-echo 
T2-weighted imaging parameters are as follows: 
Repetition time/echo time (TR/TE), 6728/114 ms, 
7340/115 ms, 12,514/108 ms; section thickness, 
3 mm; interslice gap, 0 mm, 0.5 mm, 0.5 mm; 
field of view (FOV), 20 cm x 20 cm, 
18cm x 18 cm, 22 cm x 22 cm; matrix, 288 x 288; 
bandwidth, 62.5 Hz, 62.5 Hz, 83.33 Hz. The 
scanning range involves the bladder, prostate, 
and seminal vesicle. (b) Axial 2D time-of-flight 
MRI parameters are as follows: TR/TE, 
3.7/1.2 ms; section thickness, 6 mm; interslice 
gap, 0 mm; field of view, 40 cm x 40 cm; matrix, 
256 x 160; flip angle, 50°, bandwidth, 62.5 Hz; 
time of scan, 20 s. The scanning range involves 
the lower abdominal aorta, the common iliac 
artery, and the internal iliac artery and its 
branches. (c) The 3D TRICKS parameters are as 
follows: TR/TE: 3.9 ms/1.3 ms; field of view, 
40 x 32 cm; section thickness, 1.2 mm; slices, 
84-94; matrix, 300 x 248, NEX, 1; flip angle, 
20°; bandwidth, 83.33 kHz; each phase of 8-10 
phases in 100-145 s. The mask is first scanned 
for 30-35 s, then a total of 18-20 mL (0.15 
mmoL/kg) gadobenate dimeglumine is used for 
rapid intravenous injection at a rate of 3 mL/sec 
using a power injector through the Al channel, 
then 10 mL (0.075 mmoL/Kg) is injected at a rate 
of 0.5 mL/s through the A2 channel, followed by 
a 30 mL saline flush at the rate of 2 mL/s through 
the B channel. When scanning is completed, rota- 
tional maximum intensity projection (MIP) of the 
IIA and its branches are reconstructed from axial 
and coronal multiplanar (MPR) images, and 
curved planar reformats of the PA are derived 
from axial and MPR images and traced backward 
to its origin from the prostate. Then 5°-interval 
images along the headend axis are generated that 
could be rotated in all directions. 

In our study [12], the origin and number of 
PAs were correctly predicted by CE-MRA with a 
high sensitivity of 98.1% and an accuracy of 
100% (Fig. 5.1), comparing favorably with the 
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Fig. 5.1 Prostatic artery (PA) originating directly from 
anterior division of the internal iliac artery (IIA). Image of 
a 73-year-old man with lower urinary tract symptoms 
(LUTS). (a) The left pelvic side CE-MRA demonstrates 
the left PA (white arrows) originating from the anterior 
division of the ITA. The asterisk marks the prostate and the 
arrowheads mark the left internal pudendal artery (IPA). 


76.5% accuracy reported by Kim et al. [23] No 
false-positives were presented in the present 
study. The favorable results were probably due to 
the increased spatial resolution with 0.7-mm slice 
thickness and a 300 x 248 matrix, which is higher 
resolution than reported in pilot studies by Kim 
et al. with 2-mm slice thickness and a 256 x 179 
matrix [23]. 


Intra-Procedural 
Cone-Beam CT 


5.2.4 


Cone-beam CT (CB-CT) can provide useful 
information for PAE by displaying the overview 
of pelvic arterial anatomy so as to avoid repeated 
DSA and reduce the radiation dose and proce- 
dure time [21, 22, 24]. Pelvic arterial anatomy 
information is well revealed after cone-beam 
imaging reformatted through poising a flush 
catheter in the distal abdominal aorta, which is 
similar to CT angiography. For instance, 50% 
dilute contrast agent can be power injected at 
4 mL/s for 11 s, and CB-CT can be performed 
with a 6-s spin and a 5-s delay. The reformatted 
images provide detailed angiographic informa- 
tion and guidance in PAE. 
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Note the image shows a nice correlation with the digital 
subtraction angiography (DSA) image (b). (b) DSA of the 
left ILA was performed with same-side anterior oblique 
projection (40°). The white arrows mark the left PA origi- 
nating from anterior division of the IA, and the arrow- 
head marks the left IPA 


The PA anatomy could be better depicted on 
CB-CT because the contrast agent can be injected 
from the target vessels and display clearly subtle 
feeding arteries as well as provide three- 
dimensional information. In our study [21, 24], 
intra-procedural CB-CT provided essential infor- 
mation that impacted prostate artery emboliza- 
tion in 90 of 148 patients (60.8%), including the 
identification of the PA origin site (43.2%) that 
was helpful for selective catheterization of PA 
(Fig. 5.2) and identifies the potential arteries of 
nontarget embolization (17.6%), which was use- 
ful for catheter repositioning (Fig. 5.3). 

In our study [24], CB-CT was performed with 
the 4-Fr Simmons I catheter at the anterior branch 
of the internal iliac artery (IIA) to evaluate the ori- 
gin of the PAs, with a 4-s delay after injection of 
15 mL contrast medium at 3 mL/s. If necessary, 
additional CB-CT was performed with the micro- 
catheter at the PA, with a 3-4-s delay after injection 
of 3-5 mL contrast medium at 0.5-1 mL/s to evalu- 
ate for sites of nontarget embolization. CB-CT was 
obtained during a breath-hold. The acquisition pro- 
tocol included a 9-s rotational scan of 180° and 20° 
rotations per second, image acquisition at a rate of 
30 frames/s for a total of 270 images, field view of 
41 x 41 cm, 512 x 512-voxel matrix, and source 
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Fig. 5.2 Prostatic artery (PA) originating from anterior 
division of IIA. Images of a 73-year-old man with LUTS 
due to BPH. (a) DSA of the left internal iliac artery shows 
the left PA (straight arrows) and the SVA (curved arrow). 
The asterisk marks contrast-medium staining in the left 
prostate lobe. (b) Pelvic CB-CT with sagittal MIP refor- 


Fig. 5.3 PA originating from the middle rectal artery. 
Images of a 69-year-old man with LUTS due to BPH. (a) 
DSA of the right middle rectal artery shows the right PA 
(straight arrow), the middle rectal artery (arrowheads), 
and the right prostate lobe (asterisk). (b) Pelvic CB-CT 


power of 125 kVp. Acquired images were trans- 
ferred to a commercially available dedicated work- 
station (ADW4.4; GE Healthcare, Milwaukee, WI, 
USA), where three-dimensional CT-like images 
were reconstructed within 5 min. One of the disad- 
vantages of CB-CT, when performed in addition to 
DSA, adds to the total radiation dose received. In 
our clinical practice, CB-CT was used in these 
technically challenging cases. 


mat after selective catheterization of the anterior division 
of the left internal iliac artery shows PA (straight arrows) 
originating from anterior division of IA common trunk 
with the SVA (curved arrow). The arrowhead marks the 
posterior—lateral branch of PA, which is unidentifiable on 
DSA 


with coronal MIP reformat shows the right PA (straight 
arrow), the middle rectal artery (arrowheads), and the 
prostate (asterisk). (c) Pelvic CB-CT with axial MIP 
reformat shows the PA (straight arrow), the middle rectal 
artery (arrowheads), and the prostate (asterisk) 


5.3 Indications 


and Contraindications 


Patient selection is usually achieved in a multi- 
disciplinary manner in conjunction with urolo- 
gists and interventional radiologists [1-6]. To 
date, there is no consensus or standard indica- 
tions and contraindications for PAE in the treat- 
ment of BPH. 
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5.3.1 Indications 
(a) According to the current clinical trials [5, 6, 
22], PAE is recommended for patients with 
moderate to severe LUTS (IPSS>13-18 and 
QoL > 3) secondary to BPH who have not 
responded to medications (refractory to med- 
ical treatment for at least 6 months [alpha-1- 
adrenergic receptor antagonist or/and 
5-alpha-reductase inhibitor]) or for patients 
who are intolerance to medications because 
of adverse effects or for patients who are not 
candidates for or refuse surgical treatment 
modality. 
There is no consensus on the ideal prostate 
volume for PAE. Usually, the prostate vol- 
ume of 40 mL or larger is recommended for 
PAE treatment. A study of 78 patients com- 
pared the outcome of PAE in patients with 
different prostate volume (<50 cm’, 
50-80 cm, and > 80 cm*), all patients were 
benefited from PAE, but no statistically sig- 
nificant differences in American Urological 
Association symptom index, QoL, and HEF 
between groups were found, so they con- 
cluded that PAE could offer similar clinical 
benefits to patients with differing gland sizes 
[2]. Wang et al. [25] compared the outcomes 
of PAE between medium-sized (50-80 mL) 
and large-sized (>80 mL) prostate, the out- 
comes of large-sized group were signifi- 
cantly better than the medium-sized group 
with regard to IPSS, Qmnax, PWR, PV reduc- 
tion, and QoL score. de Assis et al. [26] 
reported good clinical outcomes for patients 
with PV > 90 g (90-252 g). 
When patients suffered prostatic hematuria, 
there is no limit of prostate size if PAE is per- 
formed for the cessation of bleeding [27]. 
(d) Patients with urinary retention secondary to 
BPH and with normal bladder function [27]. 
(e) Patients who refuse surgery due to worry 
about surgical complications, such as bleed- 
ing, incontinence, ejaculatory disorders, and 
erectile dysfunction. 
(f) Patients with moderate-to-severe LUTS sec- 
ondary to BPH who contraindications to 
surgical treatment, such as advanced age, 


(b 


wm 


(c 
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multiple comorbidities, coagulopathy, or 
inability to stop antiplatelet therapy or anti- 
coagulation [27]. 


5.3.2 Contraindications 


Contraindications include: large bladder diver- 
ticula (>5 cm), active prostatitis or urinary tract 
infection, large bladder stones(>2 cm), chronic 
renal failure (serum creatinine >1.2 mg/dL), 
coagulopathies, neurogenic bladder or detrusor 
failure, and urethral stricture [1—6]. 

Relative contraindications include patients 
with advanced atherosclerosis of IIA. If patients 
are allergic to iodinated contrast medium, angi- 
ography can be performed with CO). Additionally, 
several researchers [28-34] have performed PAE 
to treat patients with prostate cancer or refractory 
hematuria secondary to prostate cancer or BPH, 
and the LUTS could be relieved simultaneously, 


so prostate malignancy is not absolute 
contradiction. 
54 Pre-procedure Preparation 


All patients are initially referred to the depart- 
ment of urology and have a urologic examination 
to assess the function of bladder and urinary 
sphincter and Q,,,,. Then efficacy variables of 
IPSS, QoL, IIEF-5, PVR, PSA, and PV are 
assessed. For patients with a PSA level > 4.0 ng/ 
mL, transrectal ultrasound-guided prostate 
biopsy is performed to exclude malignancy [35]. 
If the patient accepts prostate biopsy, a 30 days 
interval before PAE must be waited [36]. The 
biopsy is essential and with negative histopathol- 
ogy if the cystoscopy findings are suspicious for 
bladder tumor. After that, signed informed con- 
sent is obtained from all patients [1-6]. 

When choosing PAE, all patients should stop 
taking all prostatic medications 3 days before 
PAE, and the drugs of acid-suppressing, anti- 
inflammatory, and antibiotic are given 2 days 
before the procedure. A Foley catheter is optional 
and placed to serve as a landmark to assist with 
identifying the PAs and avoid acute urinary 
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retention after PAE due to prostate tissue edema 
resulting from embolization. Generally, patients 
do not experience pain during or after PAE. Oral 
medication can be prescribed if pain occurs 
[1-6]. 


5.5 Selection of Embolic Agents 


5.5.1 Type of Embolic Agents 

Currently, several different embolic materials 
have been used in PAE, including nonspherical 
particle polyvinyl alcohol (Polyvinyl alcohol 
foam embolization particles, PVA, Cook 
Incorporated, Bloomington, IN, USA) with 100- 
200 pm, PVA particles 250-355 um (Contour; 
Boston Scientific), microspheres 300-500 um 
(Embosphere, Biosphere Medical), F—coated 
Hydrogel Microspheres (Embozene, CeloNova 
Biosciences, Georgia, USA), Embosphere (Merit 
Medical Systems, South Jordan, Utah), Embozene 
(Marlborough, MA), and LC-bead (BTG, 
Farnham, United Kingdom). At present, the opti- 
mal type of embolic agent is unknown [1-6]. 
Currently, the most widely used embolic agents 
in Europe are Embospheres, Embozenes, and 
nonspherical PVA. 


5.5.2 Optimal Sizes of Embolic 
Agents 


The optimal agents or size has not yet been deter- 
mined. Theoretically, embolization with larger 
particles results in proximal occlusion while 
smaller particles result in distal embolization, but 
smaller particles may increase the risk of nontar- 
get embolization. Furthermore, spherical embolic 
agents are soft and compressible, therefore, they 
can embolize these smaller vessels than that of 
the nonspherical particles at the same size, result- 
ing in more distal embolization. 

The most commonly used embolic agent size 
is 300-500 um, with larger particles resulting in 
proximal occlusion. A prospective study [37] 
including 80 patients randomized to be emboli- 
zed with 100-um or 200-um PVA particles. 
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Patients in the 100-um group had greater 
decreases in PV and PSA levels, while patients in 
the 200-um group had greater decreases in IPSS 
and QoL, and there were no significant differ- 
ences in pain scores and adverse events between 
groups. A study [38] compared the safety and 
efficacy of PAE with 100-300 pm and 300- 
500 um Embosphere. Both groups achieved sig- 
nificant improvement in mean IPSS, QoL, PV 
reduction, PSA, and Q,,,,, however, 100-300 um 
group had a greater incidence of minor self- 
limited adverse events and PSA reduction than 
300-500 um group without statistical difference. 
A study [39] involving 120 patients prospectively 
compared 50-um plus 100-um PVA particles 
with 100-um PVA particles alone. At 24-month 
follow-up, PAE with 50-um plus 100-ym PVA 
particles resulted in greater improvement in 
IPSS, QoL, Qmax, PVR, and PV reduction than 
100-um PVA particles alone, and there were no 
significant differences in adverse events and pain 
scores between both groups. In addition, the 
recurrence rates were 3.6% and14.6% in 50-um 
plus 100-um PVA group and 100-um PVA group, 
respectively. This study indicates PAE with 
50-um particles is safe and can result in greater 
prostate ischemic volume. However, because 
anastomoses between the PAs and the surround- 
ing arteries are present in up to 60% of patients, 
nontarget embolization is the main potential 
complication. 


5.5.3 Coil Embolization 


Coil embolization as a protective embolization 
can be used to embolize potential nontarget 
arteries that have the risk of ischemic complica- 
tion (Fig. 5.3). A study [40] involving 122 
patients retrospectively determined the value of 
coil embolization. Of those, 26.2% underwent 
coil embolization, coils were placed when the 
microcatheter could not be advanced to a safe 
position distal to anastomotic branches. The 
most commonly treated vessels were rectal 
arteries and anastomoses with the penile arter- 
ies. Only one patient suffered white discolor- 
ation of the glans penis and resolved with topical 
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therapy after 3 weeks. In the study of Amouyal 
et al. [41] involving 11 patients with penile 
(64%), rectal(18%), and both of them (18%) 
shunts, coils were placed distal to prostate 
branches and occlude all rectal anastomoses. 
And there were no major complications during 
follow-up. 
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The Procedure of Prostatic 
Arterial Embolization 


Maogqiang Wang, Jinlong Zhang, Kai Yuan, 
Chengjian Sun, Xiaojing Zhang, Xiujun Zhang, 
Quanyu Wang, Duiping Feng, and Kai Cheng 


In North America and Europe, the local commu- 
nity medical service are well-developed, which 
can provide high quality medical service at family 
for these patients who were received minimal 
invasive therapies; therefore, PAE can be per- 
formed on an outpatient basis and most patients 
(89%) of these reports were discharged from the 
hospital on the day of the procedure [1-11]. 
According to PAE study protocol approved by the 
authors’ hospital review boards [12-16], the 
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patients were suggested to stay in the hospital for 
1-3 days for observation after PAE to evaluate for 
possible complications. If the patients had comor- 
bidities or significant complications after PAE, 
they should stay in the hospital for a longer time. 
It is recommended that PAE is performed 
using a digital subtraction angiography (DSA) 
unit with cone-beam CT (CB-CT) capability. The 
interventional radiologists should be experienced 
in identifying prostatic arteries (PAs), the use of 
small-diameter hydrophilic microwires and 
microcatheters, as well as the use of CB-CT. 


6.1 Angiography 


6.1.1 Arterial Access 

PAE procedures are generally performed via uni- 
lateral transfemoral access, usually the right fem- 
oral artery, also, transradial/transulnar access has 
been used [11]. In some situations (1-5%) a 
bilateral puncture is needed. Compared with the 
transfemoral approach, transradial approach has 
the advantages of greater patient satisfaction and 
fewer complications, etc. Isaacson et al. [17] 
reported their study of PAE performed through 
transradial access in 19 patients, technical suc- 
cess was 100%. Patients can ambulate immedi- 
ately after the procedure and facilitate 
postprocedural urination. However, due to the 
limitation of microcatheter length, the transradial 
access is not recommended for patients taller 
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than 74 inches. Bhatia et al. [11] reported that 
transradial approach leads to shorter procedure 
time, fluoroscopy time, and less contrast material 
volume compared with the  transfemoral 
approach. There were no significant differences 
in overall adverse events and access site compli- 
cations between the two groups. The most chal- 
lenge of access is the small diameter of the radial 
artery relative to the femoral artery, so profes- 
sional training for practitioners is required. In 
addition, longer catheters and microcatheters are 
necessary for this access. 


6.1.2 DSA Procedures 


Before PAE, a urinary catheter is usually inserted 
to orientate during PAE and also to facilitate the 
patients by allowing unobstructed urine flow dur- 
ing and after the procedure. PAE is performed 
under local anesthesia at the inguinal puncture 
site. No additional intravenous painkillers are 
usually needed. After preparing the right inguinal 
area, local anesthesia is administered using 5-mL 
2% lidocaine. Subsequently, a 4—5 Fr vascular 
sheath is inserted into the femoral artery using 
the Seldinger technique. 


Fig. 6.1 Using contrast-enhanced magnetic resonance 
angiography (CE-MRA) as reference for identification of 
the prostatic artery (PA) prior to PAE. Images of a 73-year- 
old man with symptomatic BPH (PV 93 mL). (a) 
Maximum intensity projection (MIP) of CE-MRA prior to 
PAE in a 40° ipsilateral anterior oblique direction shows 
the left PA (solid arrow) common with the superior vesical 
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First, to evaluate the iliac vessels, pelvic angi- 
ography is performed by using a 4-5 Fr pigtail- 
type catheter, with an injection of 30 mL of 
contrast medium at a rate of 15 mL/s. Then, to 
evaluate the branches of the internal iliac artery 
(IIA), DSA is performed by using a 4-5 Fr angio- 
catheter (Simmons I, RH, Cobra or Roberts uter- 
ine catheter) at the main ITA by using 35°-55° 
ipsilateral and 10° craniocaudal angulation, with 
an injection of 9-18 mL of contrast medium at a 
rate of 3-6 mL/s. 

Multiple oblique projections are known to 
increase the scatter radiation that reaches the 
interventional radiologists. In authors’ hospital, 
based on the predicted by pre-procedural 
CE-MRA, only a single angle of tube obliquity 
was used (a single ipsilateral oblique angulation 
with a mean of 40 + 15 ° in the left pelvic side 
and 45 + 20° in the right pelvic side) to demon- 
strate the origins of PAs, without caudal or 
cephalic angulations; therefore, the need for mul- 
tiple DSA series with different obliquities was 
reduced [18] (Figs. 6.1, 6.2, 6.3, and 6.4). 

If the origin and trajectory of the PAs are not 
displayed correctly, repeat DSA is performed. 
Then, superselective PA angiography is per- 
formed by using a coaxial 1.98—2.7 Fr microcath- 


artery (SVA) (dotted arrow). Star marks the prostate 
region. (b) Angiogram of the internal iliac artery (IIA) 
performed in a 40° ipsilateral anterior oblique direction 
shows the left PA (solid arrow) common with the SVA 
(dotted arrow), in accordance with the CE-MRA findings. 
(c) Selective angiography of the left PA (solid arrow) 
shows contrast medium staining in the prostate (star) 
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Fig.6.2 Images of a 67-years-old man with symptomatic 
BPH (PV 212 mL). (a) MIP of CE-MRA prior to PAE in 
a 45° ipsilateral anterior oblique direction shows the left 
PA (white arrow) arising from the IPA (dotted arrow). Star 
marks the prostate region. (b) Angiography in a 45° ipsi- 
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lateral anterior oblique direction shows the origin of PA 
(white arrow) arising from the IPA (dotted arrow), in line 
with the CE-MRA findings. (c) Selective angiography of 
the left PA (white arrow) shows contrast medium staining 
in the prostate (star) 


Fig. 6.3 Images of a 85-years-old male with symptom- 
atic BPH (PV 102 mL). (a) MIP of CE-MRA in a 30° 
ipsilateral anterior oblique direction shows two PAs 
(white and black arrow) arising from the anterior division 
of the ITA common trunk with the SVA (dotted arrow) and 
distal part of the obturator artery (curved arrow), respec- 
tively. Star marks the prostate region. (b) ITA angiography 
is performed in a 30° ipsilateral anterior oblique direction; 
visualization of the IIA branches is unsatisfactory. One 


eter, with an injection of 3—6 mL of contrast 
agent at a rate of 1.0-2.0 mL/s. If CTA or MRA 
have been performed pre-PAE, the initial pelvic 
angiography could be avoided. 


6.1.3 Cone-Beam CT Prior 
to Embolization 


When the PAs and the anastomoses between the 
PAs and the adjacent arteries cannot be identified, 


PA (black arrow) arises from the distal part of the obtura- 
tor artery (curved arrow). (c) Superselective angiography 
of the first PA (black arrow) demonstrates the blush of 
prostate (star). (d) Superselective angiography of the ante- 
rior division performed by hand shows another PA (white 
arrow) in common with the SVA (dotted arrow). (e) 
Superselective angiography of the second PA (white 
arrow) demonstrates the blush of prostate region (star) 


CB-CT is then performed. Before CB-CT, a 
nitroglycerin-based vasodilator agent (100- 
200 ug) is infused intra-arterially through the 
microcatheter to improve prostatic perfusion and 
detect the anastomoses between PAs and sur- 
rounding arteries (Fig. 6.5). In order to avoid the 
reflux of contrast material into nontarget vessels 
and opening of collateral branches which may 
confuse interpretation of the images, CB-CT 
should be performed with power contrast mate- 
rial injection that mimics the expected flow dur- 
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Fig. 6.4 Images of a 50-year-old man with symptomatic 
BPH. (a) MIP of CE-MRA prior to PAE in a 40° ipsilat- 
eral anterior oblique direction shows the right PA (white 
arrow) arising from a superior gluteal artery (SGA) (dot- 
ted arrow). Star marks the prostate region. (b) Image from 


DSA performed in a 40° ipsilateral anterior oblique shows 
the origin of the PA (white arrow) arising from SGA (dot- 
ted arrow), in line with the CE-MRA findings. (c) 
Selective angiography of the right PA (white arrow) shows 
contrast medium staining in the prostate (star) 


Fig. 6.5 Anastomoses between the PA and the adjacent 
arteries. Image of a 79-year-old male with LUTS due to 
BPH. (a) DSA of the left PA (straight arrow) was per- 
formed; the arrowhead marks a branch of the IPA, and the 
curved arrow marks the retrograde filling of the left the 
SVA, and the asterisk marks the left prostate lobe. (b) 
Pelvic CB-CT with sagittal MIP reformat after selective 
angiography of the left PA shows the corpus cavernosal 


ing embolization or gentle hand. Additionally, 
prostate perfusion should be reviewed intraopera- 
tively on multiplanar images to determine if there 
are additional PAs that should be embolized and 
avoid potential nontarget embolization. 


arteries (arrowheads), the rectal—anal branches (straight 
arrow), the SVA (curved arrow), and the prostate (aster- 
isk). These anastomoses is not apparent when DSA is per- 
formed at a low rate or by hand injection of the contrast 
medium, so embolization using a slow and controlled 
infusion could help to avoiding complications from non- 
target embolization 


In the example of digital flat-panel detector 
system (Innova 4100 IQ; GE Healthcare, 
Milwaukee, Wis), the acquisition protocol 
includes a 9-s rotational scan of 180° and a rota- 
tion of 20°/s; image acquisition at a rate of 30 
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frames per second for a total of 270 images; field 
view, 41 x 41 cm; matrix, 512 x 512 voxels; and 
source power, 125 kVp. First, CB-CT is per- 
formed with the 4—5 Fr catheter at the ITA in the 
same tip of the catheter as is used with DSA to 
evaluate the origin of the PAs, with a 4-s delay 
after injection of 15 mL of contrast medium at 
3 mL/s. Additionally, cone-beam CT is per- 
formed with the microcatheter at the PA, with a 
3-4 s delay after injection of 3-5 mL of contrast 
medium at 0.5-1 mL/s to evaluate for sites of 
nontarget embolization [19]. In our study [19] of 
148 patients who underwent DSA and CB-CT 
before PAE, we found that CB-CT identified 
94.7% of the PA origins and provided 60.8% of 
essential information relative to embolization. 


6.2 Embolization 

Once the desired catheter position is reached, the 
prostate is embolized under real-time fluoroscopic 
visualization. Before embolization, nitroglycerin 
(100-200 jg) is infused intra-arterially through 
the microcatheter to prevent vasospasm and 
improve prostatic perfusion. Dilute embolic agents 
(50-500 um) [1-8] are injected slowly with 
1-3 mL syringe until stasis is achieved (Fig. 6.6). 
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We perform PAE mainly with 100-um nons- 
pherical polyvinyl alcohol particles (90-180 um, 
PVA; Cook, Bloomington, Ind). Each vial of 
PVA particles (1 mL) is diluted in a 50-mL solu- 
tion of nonionic contrast medium. The particles 
are slowly injected through a 2-mL syringe under 
fluoroscopic control. Initially, the microcatheter 
tip is positioned in the middle part of the PAs, 
when the blood flow slow and the prostate stained 
with contrast medium. Then, the microcatheter 
tip is pushed into the distal intraprostatic arteries 
and more particles are injected. When near stasis 
is achieved, a 5-min waiting time is necessary for 
the particles to redistribute into the feeding arter- 
ies, and then additional embolic particles are 
injected until complete stasis is achieved. The 
embolic volume usually depends on the prostate 
volume and intraprostatic vascularization. After 
PAE, repeat angiography is performed at the 
main of the IIA to detect any additional arteries 
supplying the prostate, and if necessary, addi- 
tional arteries are selected and embolized for 
complete embolization. Embolization is then per- 
formed on the contralateral side using the same 
technique. The end point of embolization is com- 
plete stasis in the PAs with interruption of the 
arterial flow and prostatic gland opacification, 
without reflux of the particles to undesired arter- 


Fig. 6.6 A vasodilator agent was used intra-arterially 
before embolization through the microcatheter to prevent 
vasospasm and improve prostatic perfusion. (a) 
Angiography of superselective catheterization of the right 
prostate artery (PA) shows that the diameter of the PA is 


0.9 mm (arrow). (b) Repeat the PA angiography, after 
infusion intra-arterially of 200 ug nitroglycerin, shows the 
diameter of the PA increasing to 1.85 mm. Arrowhead 
marks the 2.6-Fr microcatheter 
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ies. It is essential to use high dilution and very 
slow injection to avoid early proximal occlusion 
and achieve diffuse gland parenchymal ischemia 
[14-16]. 


6.2.1 Embolization: Management 
of Anastomoses or Collateral 


Vessels 


Pelvic arterial supply is markedly communicated 
by anastomoses, most of which are low-flow, and 
are only opened or found in high-pressure angi- 
ography [20-22]. Especially, when the communi- 
cations with high-flow anastomoses between the 
prostatic arteries and adjacent arteries (such as 
rectum, bladder, and penis) are present, selec- 
tively protective embolization should be per- 
formed using microcoils or gelatin sponge to 
avoid nontarget embolization [23, 24]. 
Furthermore, superselective catheterization is 
needed to insert microcatheters deeper into the 
prostate and distal to the anastomotic origin, also 
the embolization should be performed carefully 
to avoid reflux of embolic agents. 

In some cases, some anastomoses are not 
needed to be occluded, such as the small anasto- 
moses between the intraprostatic arteries and 
the obturatory territory or other pelvic parietal 
structures, because this kind nontarget emboli- 
zation does not cause serious complication. 
Likewise, particle reflux or migration to seminal 
vesicle branches may cause hematospermia, 
however, it is a slight complication and self- 
limited [25]. Also, intraprostatic connections, 
including ipsilateral anastomoses between 
anteromedial and posterolateral prostatic 
branches of the same side and contralateral 
anastomoses, should be identified. Bilateral 
embolization may be achieved through one side 
catheterization due to the presence of contralat- 
eral anastomoses [26]. For this reason, a larger 
amount of particles are usually needed for the 
first hemilobe of the prostate than the second 
lobe, because the contralateral lobe has been 
already partially embolized through intrapros- 
tatic communications, especially when using 
the PErFecTED (Proximal Embolization First, 
Then Embolize Distal) technique [27-29]. 
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6.2.2 Balloon Occlusion 


A balloon occlusion microcatheter (Sniper; 
Embolx, Los Altos, Calif) has been designed in 
an attempt to reduce the risk of reflux during 
PAE. Theoretically, in one hand, the balloon 
could prevent reflux of embolic materials into 
proximal branch vessels; in the other hand, the 
pressure distal to the catheter tip reduced when 
inflating the balloon, resulting in reversed flow 
through prostatic anastomoses as well as small 
collateral vessels flowing toward the prostate, 
and thereby reduce the risk of nontarget emboli- 
zation without the need for coil placement. 
However, it is difficult to determine the emboli- 
zation endpoint due to the change of the flow 
dynamics. The embolization can be performed 
until intraprostatic arteries stasis or disappear- 
ance of extraprostatic anastomoses flow reversal 
is achieved when balloon deflating [30]. 


6.3 Summary: Technique Tips 


of PAE 


(a) Due to PAs with high anatomical variation, 
the utility of CTA or MRA prior to PAE can 
show anatomy for IIA and PA, and provide 
useful information for PAE planning and 
excluding the patients who are unsuitable for 
PAE, so as to reduce the procedure time, flu- 
oroscopy time, radiation dose, and contrast 
medium volume needed during PAE. 

(b) CB-CT as an adjunctive technique to DSA 
can provide important additional informa- 
tion, such as identification of PA origins and 
the anastomoses between PAs and surround- 
ing arteries, so as to facilitate selective cath- 
eterization, increase the technical success 
rate and avoid nontarget embolization. 

(c) Infusion of a vasodilator (such as nitroglyc- 
erin, isosorbide, and verapamil) intra- 
arterially through catheter could prevent 
vasospasm, improve prostatic perfusion, 
detect the anastomoses between PAs and sur- 
rounding arteries, and may increase the PA 
diameter. Therefore, the use of vasodilator 
may deliver more embolic agents into the 
prostate, which associate with the efficacy 
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(d) 


(e) 


(f) 


and reduce the rate of nontarget emboliza- 
tion. The recommended amount of nitroglyc- 
erin is <500 wg during a single PAE 
procedure, and the blood pressure and heart 
rate are monitored during the procedure. 

In our previous study, we compared 50-um 
plus 100-um PVA particles with 100-pm 
PVA particles alone for PAE to treat BPH, 
we found that the combination group 
achieved good clinical outcomes and no 
increase in complications. So, in order to 
improve the outcomes, we recommend that 
distal arteries are embolized with 50-100 pm 
PVA particles, when flow slow or achieve 
near stasis, 100-300 pm PVA particles are 
then used to embolize the proximal PAs, this 
process is called “two step embolization.” 
PErFecTED technique (Proximal 
Embolization First, Then Embolize Distal) 
can be used to deliver more embolic agents 
into the prostate. First, the microcatheter tip 
is positioned in the mid-PA; then, emboliza- 
tion is performed from this proximal posi- 
tion. When near stasis is achieved, the 
microcatheter is pushed distally into the 
intraprostatic branches, and additional embo- 
lization is performed. 

Intraprostatic connections is a common ana- 
tomical variation, as reported, the contralat- 


Fig. 6.7 Images of a 67-year-old man with symptomatic 
BPH. (a) Image from DSA performed in a 35° ipsilateral 
anterior oblique shows the right PA (white arrow) arising 
from obturator artery (dotted arrow), with intraprostatic 


(g) 


(h) 


(i) 
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eral prostatic anastomoses are in 10.5—17.6% 
of cases, in case of one side IIA occluded, 
through a single PA may achieve bilateral 
PAE (Fig. 6.7). 

Occasionally, due to the acute angles of PAs, 
conventional catheters and guidewires may 
have difficulty in providing sufficient sup- 
port to advance the microcatheter into a suit- 
able position for embolization. In this case, a 
preshaped microcatheter may facilitate the 
advancement of the guidewire into the PA. 
Elderly male patients are common with ath- 
erosclerotic disease, HA tortuosity/steno- 
sis, even complete PA occlusion. In this 
situation, the guidewire selects into nontar- 
get branches preferentially, the microcath- 
eter is difficult to be placed into the target 
PA. To improve the success rate of superse- 
lective catheterization, a coil could be 
placed proximally in the nontarget artery to 
redirect the guidewire and microcatheter to 
the target PA. 

A Foley catheter filled with a mixture of 
iodinated contrast medium (20-30%) and 
saline solution is inserted into the bladder 
could help in marking the prostate and pre- 
vent acute urinary retention after PAE due to 
prostate tissue edema resulting from 


embolization. 


shunts and contralateral supplying the left hemiprostate. 
(b) Angiography of the PA (white arrow) by hand shows 


contralateral blood supply. Star marks the prostate region 
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Post-prostatic Arterial 
Embolization Management 


Maogqiang Wang, Jinlong Zhang, Feng Duan, 
Huiyi Ye, Yan Wang, Hainan Xin, Zhiqiang Li, 
Yanguang Shen, Hongtao Zhang, Jinhong Liu, 


and Jing Li 


Generally, Prostatic artery embolization (PAE) is 
an outpatient-based minimally invasive treat- 
ment. In North America and Europe, the local 
community medical service is well-developed, 
which can provide high-quality medical service 
at family for these patients who were received 
minimal invasive therapies; therefore, PAE can 
be performed on an outpatient basis and most 
patients (89%) of these reports were discharged 
from the hospital on the day of the procedure 
[1-7]. According to PAE protocol approved by 
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the authors’ hospital review boards [8—10], the 
patients were suggested to stay in the hospital for 
1-3 days for observation after PAE to evaluate 
the possible complications, considering that most 
of the patients are elderly. If the patients had 
comorbidities or significant complications after 
PAE, they should stay in the hospital for a longer 
time. Clinical follow-up parameters mainly 
include symptom scores (IPSS, QoL, IIEF-5), 
prostate volume and ischemia volume, PSA val- 
ues, and urine flow studies. Follow-up regimens 
vary, usually at 1 and 3 months after PAE, and 
then every 6 months interval [1—9]. 


7.1 Peri-Procedural Care 

After the procedure, in order to avoid bleeding 
complications, patients should remain punctured 
leg 4—6 h without movement. The vascular clo- 
sure device can reduce the motionless time 
[8-10]. 

After PAE, all patients stay in the hospital for 
1-3 days for observation and appropriate hydra- 
tion is administered 2-3 days after PAE. All 
patients are monitored for adverse effects and 
discharged if without complications 3 days post- 
PAE. The drugs of acid-suppressing (such as 
omeprazole or pantoprazole), antibiotics (such as 
ciprofloxacin or levofloxacin), and nonsteroidal 
anti-inflammatory drugs (such as diclofenac 
sodium) are continuously given for 7 days fol- 
lowing PAE. If the PAE procedure is successful 
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and the clinical symptom is consistent improving 
after PAE, the patients should stop taking all 
prostatic medications during the entire follow-up 
period. 

Usually, patients do not feel pain during or 
after PAE. Oral painkillers can be prescribed if 
pain occurs. When using smaller microspheres 
(i.e., <100-300 um), the pain may be obvious, 
mainly urethral burning while urinating [11]. 

Patients who had indwelling catheters due to 
urinary retention (UR) at baseline were asked to 
return after 1 week for catheter removal if they 
were able to urinate spontaneously, and in most 
situations (80-90%), spontaneous urination is 
restored [11]. If the first attempt failed, additional 
attempts to remove the Foley catheter were made 
every 7 days. 


7.2 Management 


of the Complications 


Adverse events or complications regarding PAE 
can occur at every stage of the embolization pro- 
cedures and can be classified into intraoperative 
and postoperative. According to the severity, the 
complications are divided into two categories: 
minor complications including any complica- 
tions other than normal post-embolization course 
with or without the need for antibiotics due to 
infection or prolonged indwelling catheters; and 
major complications including the need for phar- 
macotherapy other than antibiotics, surgical/ 
endoscopic, or radiological procedures, ICU 
management due to single or multi-organ dys- 
function, or death [12, 13]. Some authors also 
recommended to use the modified Clavien clas- 
sification to report the adverse events following 
PAE [14, 15]. 


7.2.1 Minor Complications 


and Their Management 


Catheterization-related complications, including 
inguinal hematoma, pseudoaneurysm, dissection, 
and vascular thrombosis, are very rare (1-2%). 
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Bleeding complications may occur, especially in 
patients with antiplatelet treatment [8—10]. 

Minor post-embolization syndromes often 
occur during the first 3 days after PAE, and the 
symptoms are usually mild and tolerable, includ- 
ing vomiting, nausea, fever, urinating pain, pel- 
vic pain, rectal bleeding, and hematuria. In 
addition, a few patients may suffer minimal pain 
or a feeling of slight pressure in the pelvic region 
radiating into the perineal region during the first 
3 days post-PAE, which can be relieved by oral 
analgesics. 

Dysuria (9%) belongs to the post- 
embolization syndrome and should not be 
classed as a complication. The reported compli- 
cations include urinary infections (7.6%), self- 
contained macroscopic hematuria (5.6%), acute 
urinary retention (2.5%), and rectal bleeding 
(2.5%) [1-9]. Furthermore, hematospermia 
(0.5%) should be classed as an adverse event 
rather than a complication. These minor compli- 
cations are most likely to be the result of arterial 
communications between the prostate, bladder, 
and rectum, and usually dealt with conservative 
therapy and do not need prolonged hospitaliza- 
tion or surgery [16, 17]. 

The incidence of ischemic proctitis is low, 
which is mainly due to the rich arterial supply 
and vascular network to the rectum. Usually, the 
rectum is supplied by the superior, middle, and 
inferior rectal branches connected with the infe- 
rior mesenteric, internal iliac, internal pudendal, 
and marginal arteries [12]. 

Acute urinary retention (UR) associate with 
prostate tissue edema resulting from emboliza- 
tion, so, a prophylactic Foley can be inserted into 
the bladder pre-PAE, and removed until a signifi- 
cant leak occurs usually at 3-7 days after PAE. 


7.2.2 Major Complications 
and Their Management 


Major complications are defined as needed pro- 
longed hospitalization, repeat hospital admis- 
sion, surgery, or death, including the ischemia of 
bladder, rectal and penile, sexual dysfunction, 
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and urosepsis [1, 14]. The ischemic complica- 
tions and sexual dysfunction are caused by non- 
target embolization due to misidentification of 
the prostatatc artery (PA), high flow anastomoses 
between PA and surrounding arteries and reflux 
of embolic agents to nontarget vessels during 
embolization. 

Pisco et al. [1] reported a major complication 
due to nontarget bladder embolization and 
resulted in an intraluminal volume of necrotic tis- 
sue and removed by simple surgery without blad- 
der reconstruction. Carnevale et al. [2] reported a 
patient with a focal area of hypoperfusion in the 
bladder neck caused by nontarget embolization 
that was detected at the 30-day MRI follow-up 
and resolved spontaneously at 3 months follow- 
up without any intervention. 

Embolization of the penile arteries may lead 
to ischemia with pain, erythema, ulcers, or sexual 
dysfunction [12, 14, 17]. Minor penile ulcer may 
be self-limited, as for serious individuals, there 
are two treatment recommendations: one is oral 
therapy with pentoxifylline (400 mg, three times 
per day) and ciprofloxacin (1 g/day) and local 
treatment with fusidic acid cream and potassium 
permanganate (twice per day) [17]; the other is 
oral therapy with ciprofloxacin (1 g/day) and 
local disinfection with benzalkonium bromide 
and local treatment with burn ointment of tradi- 
tional Chinese Medicine. 

In order to avoid complications caused by 
nontarget embolization, firstly, it is critical to 
have a good knowledge of pelvic vessel anat- 
omy, especially the PA variations and communi- 
cations with vesical, rectal and penis, and 
superselective catheterization is also very 
important. Secondly, intra-procedural CB-CT 
can facilitate identifying the PAs and anastomo- 
ses and avoiding potential nontarget emboliza- 
tion. Third, infusion of vasodilator intraarterial 
can be helpful in detecting the anastomoses 
between PAs and surrounding arteries. Lastly, if 
superselection of the PAs fails or important 
organ arteries (such as penile arteries) cannot be 
avoided, protective embolization could be per- 
formed using microcoil or balloon [18, 19] 
(Figs. 7.1 and 7.2). 
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7.3 PAE: Post-procedural 
Imaging and Pathology 
Changes 
7.3.1 Imaging Changes 


Compared with ultrasound (US) and Computed 
tomography (CT), Magnetic Resonance Imaging 
(MRI) has the advantages of good soft-tissue 
resolution, multidirectional imaging, and multi- 
parameter functional imaging, so it is best-suited 
imaging for prostate, also for investigating the 
effects of embolization [20, 21]. MRI scan 
sequences include sagittal, coronal, and axial 
T2-weighted imaging (T2WI), T1-weighted 
imaging (TIWIJ), diffusion-weighted imaging 
(DWI), dynamic contrast material-enhanced 
(DCE-MRI), 3D sampling perfection with the 
application of optimized contrasts using different 
flip angle evolutions (3D-SPACE), T2-mapping, 
and susceptibility-weighted imaging (SWI) [22]. 

On MRI, the central gland of the prostate is 
heterogeneous and has macronodular appearance 
before and after PAE, with nodules of variable 
signal intensity (SI) but of predominantly high SI 
on T2WI and intermediate SI on T1 WI (Fig. 7.3). 
The peripheral zone (PZ) have predominantly 
high SI on T2WI and homogeneous intermediate 
SI on TIWI. Apparent prostatic ischemia can be 
depicted on DCE-MRI at 1-week after PAE and 
the ischemic volume have positive association 
with clinical outcomes (Fig. 7.4). On TIWI, 
infarcts are initially hyperintense, the signal 
intensity is most obvious at 1-3 months after 
embolization and becomes isointense over time. 
On T2WI, infarcts show initial hypointense with 
or without hyperintense foci and become isoin- 
tense over time. On DWI, the signal intensity of 
infarction is slightly lower than normal prostate 
at 10 days after embolization and decreases sig- 
nificantly over time during a 12-month follow- 
up. The ischemia/infarct area is mainly in the 
central gland (Fig. 7.5). The volume of whole 
prostate, central gland, and infarct area all 
decrease progressively over time. The PV reduc- 
tion is significant in patients with larger infarct 
areas [20, 21, 23, 24] 
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Fig. 7.1 Images of a 55-year-old man with symptomatic 
benign prostatic hyperplasia. (a) Arteriogram of right HA 
in a 30° ipsilateral anterior oblique direction shows PA 
(solid arrow) arising from the distal branch of IPA (dotted 
arrow). (b) Selective DSA of the distal branch of IPA 
shows PA (solid arrow) and prostate staining (star). There 
is a communication branch (curved arrow) between pros- 
tate. Protective embolization with gelatin sponge particles 


was performed, then embolized with 90-180 um PVA par- 
ticles. (c) On 4 days after PAE, focal mucosal ulcer of 
glands appeared. (d) He was administered ciprofloxacin 
(1 g/day) orally, local disinfection with benzalkonium 
bromide and local treatment with the 1:1 mixture of pilo- 
cin ointment and shi run shao shang gao. The glans 
mucosa healed completely on 14 days after PAE 
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Fig. 7.2 Images of a 75-year-old man with BPH. (a) 
DSA of left ITA in a 35° ipsilateral anterior oblique direc- 
tion demonstrates the common trunk of PA (white arrow) 
and penile artery (black arrow). (b) Selective DSA shows 


Fig. 7.3 High signal intensity (SI) on T2WI MR imaging 
indicate the adenomatous within the prostate. (a) Pelvic 
coronal T2-weighted fat-suppressed contrast-enhanced 
MR image in a 65-year-old man with LUTS due to BPH 
acquired before PAE. Asterisk marks the prostate with 
high SI (components of the adenomatous). (b) Pelvic cor- 


7.3.2 Pathology Changes 


The histological study of prostate post-PAE is 
limited. Camara-Lopes et al. [25] described the 
histological features of prostate post-PAE in two 
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FRAME £ 
the blush of prostate (star). (c) After protective emboliza- 
tion using microcoil, repeated DSA shows prostate blush 
and no blood flow into penile artery. Star marks the pros- 
tate region 


onal T2-weighted fat-suppressed contrast-enhanced MR 
image was obtained 1 week after PAE. Significantly 
decreased in the SI of the adenomatous within the prostate 
(asterisk) indicates that the adenomatous was more sensi- 
tive to ischemia 


patients who underwent transurethral resections 
(TURP) of the prostate after PAE. Pathological 
examination of the prostate tissue revealed that 
homogeneous bright eosin-red embolic micro- 
spheres filled the prostate arteries. Ischemic 
necrosis was surrounded or not by chronic 
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Fig. 7.4 Pelvic coronal Tl-weighted contrast-enhanced 
MR images of a 67-year-old man with lower urinary tract 
symptoms (LUTS) due to benign prostatic hyperplasia 
(BPH) were obtained acquired before and after prostate 
artery embolization (PAE). (a) Image obtained before 
PAE shows a large BPH (PV 92.3 mL). x = prostate. (b) 
Image obtained 1 week after PAE shows large (90%) isch- 


Fig. 7.5 Pelvic Tl-weighted contrast-enhanced MR 
images of a 67-year-old man with LUTS due to BPH (PV 
112.8 mL) acquired before and after PAE. (a) Axial image 
obtained before PAE shows a large BPH. * = prostate. (b, 
c) Axial (b) and coronal (c) images obtained 1 month after 


inflammatory cells involving macrophages, the 
fibrotic nodules were surrounded by glands with 
squamous metaplasia of the epithelial lining. 
Costa et al. [26] reported a patient expelled a 
small prostatic tissue fragment and hematoxylin 
and eosin staining were performed. Histological 
examination found extensive necrosis with shad- 
ows of prostatic acini were visible, epithelium 
with desquamation and corpora amylacea in the 
lumen (Fig. 7.6). 


emic areas in the prostate (white arrows). (c) Image 
obtained at 15-month after PAE shows a prostate volume 
reduction of 57.5% (white arrows); this patient experi- 
enced marked clinical improvement during 25 months fol- 
low up, with an IPSS improvement of 31 points (from 34 
to 3, reduction rate 91.2%) without LUTS recurrence 


PAE show large ischemic areas in the prostate (white 
arrows) with an ischemic rate of 92%. This patient experi- 
enced marked clinical improvement during 24 months fol- 
low up with IPSS decreased from 28 to 6 points 


7.4 


Efficacy Assessment 
and Follow-Up 


Technical success is defined as successful embo- 
lization of all angiographically visible arteries 
supplying the prostate. Clinical success after 
PAE is defined as the presence of all of the fol- 
lowing: a decrease of at least 25% in IPSS from 
baseline; a decrease of at least 1 point in QoL 


7 Post-prostatic Arterial Embolization Management 


score versus baseline with a score of <3 points; 
an increase in Qmax of >3 mL/s and a Qmax of at 
least 7 mL/s; removal of indwelling catheters in 
patients who had experienced UR before PAE 


Mar = 


a 


200x 


Fig. 7.6 An 8l-year-old man with BPH underwent 
PAE. Two months after the procedure, a small prostatic 
tissue fragment was expelled, hematoxylin and eosin were 
performed and demonstrated complete necrosis, and shad- 
ows of prostatic acini were visible 
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(Fig. 7.7); and no need for any additional medical 
or surgical therapy to treat LUTS. Recurrence of 
LUTS following PAE was defined as temporary 
relief of LUTS but with an increased IPSS > 8 or 
QoL score > 3 or Qmax decrease to <7 mL/s [1- 
10, 26-29]. 

After discharge, all patients are assessed in the 
outpatient clinic. PAE outcomes are evaluated 
based on IPSS, QoL score, Qmax, IEF-5 score, 
and PVR volume at baseline, at 1, 3, 6, and 
12 months after PAE, and 6 months thereafter. 
PSA levels are assessed at baseline and at 24 h, 
1 week, and 1, 3, 6, and 12 months after PAE, and 
6 months thereafter. Pelvic MR imaging is per- 
formed before PAE and at 1 week and 1, 3, 6, and 
12 months after PAE, and 6 months thereafter. 

Pain is assessed by using a visual analog scale 
immediately after the procedure, at the time of 
discharge, and 1 week later [1, 27]. Society of 
Interventional Radiology criteria and Clavien- 
Dindo classification of surgical complications 
can be used to classify minor and major compli- 
cations [1, 12, 30, 31]. 


Fig. 7.7 Removal of an indwelling bladder catheters in 
patient with urinary retention after PAE. Pelvic sagittal 
T1-weighted contrast-enhanced MR images of an 83-year- 
old man with urinary retention due to BPH acquired 
before and after PAE. (a) Image obtained before PAE 
shows the prostate (asterisk) and a bladder catheter 
(arrows). (b) Images obtained 1 month after PAE show 
large ischemic areas in the prostate (white arrows), with 


His bladder catheter was 


an ischemic rate of 49%. 
removed at 7-days after PAE. (c) Image obtained at 
10-month after PAE shows a prostate volume reduction of 
32.4%; this patient experienced marked clinical improve- 
ment during 24 months follow up, with an IPSS improve- 
ment of 22 points (81.5%) without recurrence of urinary 
retention 
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Factors Associated 
with Efficacy of PAE 


7.5 


There are several factors that may affect the out- 
come of PAE, including initial prostate size, PV 
reduction, prostate ischemic volume, embolic 
agents, number of arteries embolized, unilateral 
or bilateral embolism, and the ratio of the central 
gland/adenomatous tissue. 

The effect of initial prostate size on the clini- 
cal outcomes of PAE is still controversial [8—10, 
32-37]. Bagla et al. [34], in their study in 2015, 
78 patients were assigned into 3 groups accord- 
ing to PV: group 1 (<50 mL), group 2 (50- 
80 mL), and group 3 (>80 mL), there was no 
statistically significant differences of clinical out- 
comes among the three groups. Another study by 
Wang et al. [9] in 2016, they performed PAE to 
treat large (>80 mL) and medium-sized prostate 
glands (50-80 mL) to investigate whether the 
prostate size affects the outcome of PAE. A total 
of 115 patients were included, group A (n = 64) 
included patients with a mean PV of 129 mL and 
group B (n = 51) with a mean PV of 64 mL. The 
technical success rate was 93.8% and 96.8% in 
group A and in group B, respectively. The clinical 
outcomes in group A were significantly better 
than in group B. They concluded that the larger 
prostate glands were with better clinical out- 
comes than medium-sized ones after PAE. A 
recent multicenter study by Abt D et al. [38] was 
designed for identification predictors for differ- 
ent treatment outcomes after PAE in the treat- 
ment of LUTS secondary to BPH. They concluded 
that patients with larger prostates have a higher 
chance of success with PAE. 

The relationship between prostate tissue struc- 
ture and therapeutic effect after PAE has also 
been paid close attention. In 2017, de Assis AM 
et al. [39] performed a retrospective study includ- 
ing 93 patients to determine prostate baseline 
zonal volumetry and correlate these findings with 
clinical outcomes for patients who underwent 
PAE for LUTS due to BPH. They found that there 
was a strong correlation between baseline central 
gland volume and whole prostate volumes as 
well as prostate zonal volumetry with clinical 
outcomes in patients who underwent PAE, and 
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concluded that lager central gland volume had 
better clinical outcomes. In addition, patients 
with adenomatous-dominant BPH (AdBPH) may 
have a better clinical outcome following emboli- 
zation [40] because the AdBPH may be more sus- 
ceptibility to embolization. 

The relationship between prostate ischemic 
necrosis and PV reduction with clinical outcomes 
after PAE has not been established. Several stud- 
ies reported no association between PV reduction 
and clinical outcomes [36, 37]. Changes in pros- 
tate volume do not necessarily correlate with 
clinical outcomes [41]. The possible mechanisms 
of clinical symptom improvement include isch- 
emic necrosis and apoptosis of prostatic tissue, 
changes of androgens level, and smooth muscle 
tone reduced due to changes of prostate innerva- 
tion [14]. Bilhim et al. [4] reported that prostate 
ischemic volume correlated significantly with the 
IPSS score after PAE. Kisilevzky et al. [24] 
reported that prostatic ischemia presented a sig- 
nificant correlation with PV reduction and 
appeared to be the best predictor of clinical suc- 
cess post-PAE. 

Theoretically, the outcomes of bilateral pros- 
tatic arteries embolization are better than that of 
unilateral embolization. However, several stud- 
ies showed that unilateral embolization achieved 
good clinical outcomes. Bilhim T et al. [42] 
reported that patients who underwent unilateral 
embolization improved urodynamics and 
achieved good clinical outcomes. The same 
author reported another series case study, they 
found that unilateral embolization achieved 
moderate clinical relief and the PV and PSA 
reduced by 8% and 18%, respectively [43]. 
According to previous studies, up to 20% of 
patients have bilateral anastomoses between 
bilateral prostate arteries, the authors suggested 
this could explain this result [44]. In our study 
[8], only 2 of 8 patients underwent unilateral 
PAE achieved clinical improvement during 
2 years follow-up. Carnevale FC et al. [45] 
reported a patient underwent unilateral PAE, the 
PV decreased by 27.8% at 6 months after PAE 
and continuously reduced during the first 1-year 
follow-up, but the prostate re-growed to the 
basic size at 3 years after PAE. Therefore, in 
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Fig. 7.8 Unilateral PAE due to severe atherosclerotic ste- 
nosis of the left prostatic artery (PA). (a) Pelvic coronal 
Tl-weighted fat-suppressed contrast-enhanced MR 
images of a 70-year-old man with LUTS due to BPH 
obtained before PAE shows a large BPH (asterisk). (b) 
Image obtained 1 week after PAE shows the ischemic 
areas mainly in the right lobe of the prostate (asterisk). (c) 


order to achieve better long-term outcomes, 
bilateral PAs and all angiographically visible 
arteries feeding prostate should be embolized 
completely (Fig. 7.8). 

As mentioned in the previous discussion, the 
optimal agents or size has not yet been deter- 
mined. Theoretically, embolization with larger 
particles results in proximal occlusion while 
smaller particles result in distal embolization, but 
smaller particles may increase the risk of 
nontarget embolization. Bilhim et al. [46] com- 
pared the impact of embolic agent size on the 
outcomes of PAE of 80 patients. The clinical out- 
come was better with 200-um PV particles while 
the reduction of PSA level and PV were greater 
with 100-um particles post-PAE. Moreover, they 
compared the outcomes of PAE with spherical 
particle polyvinyl alcohol (sPVA, 300-500 um) 
and nonspherical particle polyvinyl alcohol 
(nsPVA, 100-300 um), they found that the mean 
proportion of prostate ischemia was 11% with 
sPVA and 10% with nsPVA (P = 0.65) and the 
clinical outcome was similar in both groups [4]. 
A study of 30 patients compared 100-300 pm 
and 300-500 pm Embosphere in the treatment of 
BPH, they found no difference in outcomes [47]. 
Wang et al. [28] compared 50-um plus 100-um 
PVA particles with 100-um PVA particles alone 


Image obtained at 12-months after PAE shows the 
regrowth of the prostate (asterisk). This patient experi- 
enced clinical improvement during 1—6 months follow-up 
with IPSS decreased from 25 to 11 points and he had 
LUTS recurrence at 10-month after PAE with IPSS 
increased to 24 points 


for PAE to treat BPH, they found that the combi- 
nation group achieved good clinical outcomes 
and no increase in complications. 

Long-term efficacy of PAE remains unclear. 
Despite Carnevale FC et al. [29, 45] reported 
clinical benefit for 4 years, prostate enlarged 
again in the first two patients measured by 
MRI. The authors speculated that hypoxia of the 
prostate tissue after embolization promotes the 
production of peptides that could stimulate arter- 
ies regeneration, thereby regenerating the pros- 
tate. Further analysis of peptide growth factors 
related to angiogenesis in prostate tissue, such as 
vascular endothelial growth factor (VEGF) and 
fibroblast growth factor (FGF), may help explain 
these cases. 
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8.1 Introduction 

Currently, various treatment options are avail- 
able for lower urinary tract symptoms (LUTS) 
secondary to benign prostatic hyperplasia (BPH), 
mainly including medical therapy, open prosta- 
tectomy (OP), transurethral resection of prostate 
(TURP), and minimally invasive treatment, such 
as holmium laser enucleation (HoLEP), green- 
light laser prostatectomy, photovaporization of 
the prostate, etc. [1—4]. Medical therapy, includ- 
ing the use of alpha-1-Blocker and 5-alpha reduc- 
tase inhibitors, has been considered first-line 
treatment [5]. Surgical treatments are used for 
treatment in patients who are failed in medical 
treatment [6]. European Association of Urology 
suggests that TURP is considered as the stan- 
dard therapy for patients with prostate volume 
(PV) ranges from 30 to 80 cm*, OP or HoLEP are 
considered as the gold standard when PV larger 
than 80 cm? [2, 3, 7]. However, each treatment 
method has its advantages and disadvantages. 
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The medication may affect blood pressure and 
sexual function. Surgical treatment is associated 
with prolonged hospitalization, postoperative 
pain, retrograde ejaculation, sexual dysfunction, 
and hemorrhage [3, 8—10]. 

Prostatic artery embolization (PAE) as an 
alternative therapy has been used to treat BPH for 
nearly a decade, and many observational studies 
and meta-analyses have demonstrated the safety 
and efficacy [11-14]. Furthermore, six studies 
including 765 patients from various institutions 
and multiple countries have carried out to com- 
pare the safety and efficacy of PAE with standard 
surgical treatment (TURP or OP) [3, 8, 15-18] 
(Table 8.1). However, to date, no comparison of 
PAE with less invasive therapies, such as trans- 
urethral microwave, needle ablation, urethral 
stents, and prostatic urethral lift, was carried out. 


8.2 Functional Outcomes 

Currently, there was no standard or guideline to 
evaluate the clinical efficacy of TURP and PAE 
in the treatment of BPH. The efficacy was usually 
assessed by functional outcomes, including 
changes in international prostate symptom score 
(IPSS), quality of life (QoL), peak/maximum uri- 
nary flow rate (Qmax), postvoid residual urine vol- 
ume (PVR), prostate volume (PV) reduction, 
prostate-specific antigen (PSA), and International 
Index of Erectile Function short form (IIEF-5). 
The safety was evaluated by adverse events or 
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Table 8.1 Basic characteristics of the included studies 


J. Zhang et al. 


Study group Interventions 
Surgical 
Author Year | Country Design PAE | treatment | PAE Surgical treatment 
Gao et al. [15] 2014 | China RCT 57 57 355-500 pm | Bipolar TURP 
polyvinyl 
alcohol 
microspheres 
Russo et al. [3] 2015 | Italy/Russia | Prospective 80 80 300-500 pm | Suprapubic 
study, 1:1 Embosphere transvesical 
matched-pair prostatectomy 
analysis 
Carnevale et al. [8] | 2016 | Brazil RCT 15 15 300-500 pm =| Monopolar 
Embosphere | TURP 
Qiu et al. [18] 2017 | China Retrospective | 17 40 90-180 um Bipolar TURP 
study Embosphere 
Ray et al. [16] 2018 | United Observational | 216 | 89 Technical Monopolar (n = 
Kingdom study and details not 45) and bipolar 
propensity- specified (n = 44) TURP 
matched pair 
analysis 
Abt et al. [17] 2018 | Switzerland | RCT 48 51 250—400 um | Monopolar 
Embozene TURP 


complications. In most cases, the change of IPSS 
was the primary outcome. 

There is significant heterogeneity for the effi- 
cacy of PAE and the results are highly contra- 
dictory previously, which is mainly due to the 
various inclusion criteria, methodological flaws, 
and lack of certain analyses. In these compara- 
tive clinical trials, the functional outcomes 
improved both after PAE and surgical treatment 
compared with preoperative values, however, 
the functional measures of PAE were not supe- 
rior to TURP and OP in all of the six studies 
(Table 8.2). 

To date, the largest randomized controlled 
trial (RCT) published by Gao et al. [15] com- 
pared PAE with TURP, a total of 114 patients 
were randomly assigned to each group and fol- 
lowed up for 24 months. Both of the groups 
achieved greater improvement in functional 
assessment and reduction of PV and PSA com- 
pared with pre-operation. Comparisons between 
groups showed that patients underwent TURP 
with greater improvement in IPSS, QoL, Qmas 
and PVR at 1 and 3 months, and greater reduction 
in PV and PSA level than patients underwent 
PAR at all follow-up time points. 


Recently, a randomized, open-label non- 
inferiority trial carried out by Abt et al. [17] 
involving 103 men (48 receiving PAE and 51 
receiving TURP) with limited 12-week follow- 
up. They reported that mean reduction in IPSS 
was 9.23 and 10.77 after PAE and TURP at 
12-week postprocedure, however, non-inferiority 
for IPSS was unable to confirm. In addition, 
changes in Qmax (5.19 vs 15.34 mL/s), PVR 
(-86.36 vs -199.98 mL), PV reduction (—12.17 vs 
—30.27 mL) and desobstructive effectiveness 
(56% vs 93%) were superior after TURP than 
after PAE. 

Recurrence rate is a key outcome in any evalu- 
ation of treatments for BPH, and an important 
consideration for patients choosing between 
options. The evidence so far suggests that PAE is 
far less durable than TURP. Gao et al. [15] 
reported that the clinical failure rates were 9.4% 
and 3.8% in patients receiving PAE and TURP, 
respectively, and all received subsequent 
TURP. Ray et al. [16] reported that 19.9% of the 
patients receiving PAE accepted subsequent 
TURP in 12 to 24 months post-PAE, while the 
reoperation rate was only 5.6% of patients receiv- 
ing TURP. 
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Table 8.3 Incidence of treatment-related complications after PAE and surgical treatment 


Carnevale Qiu 

Gao et al. [15] | Russo et al. [3] | et al. [8] et al. [18] Ray et al. [16] | Abt et al. [17] 

PAE |TURP PAE |OP PAE TURP |PAE|TURP |PAE | TURP |PAE TURP 
Blood 0% 3.8% |0 6.25% |0 0 N/A |N/A N/A 
transfusion 
urinary retention |25.9% |5.7% |N/A |N/A |N/A N/A |N/A |N/A 6.25% 
Voiding 1.85% |0 N/A |N/A 13.33% |0 N/A |N/A 49.02% 
irritation 
hematuria 0% 7.5% |O 5.0% |13.3% |100% |N/A |N/A 21.57% 
Urinary tract 1.9% |3.8% |1.25% |3.75% |N/A N/A |N/A |N/A 37.25% 
infection 
Urethral/bladder |0% 4.2% |0 2.5% |N/A N/A |N/A |N/A 3.92% 
stricture 
Urinary N/A |N/A |0 3.75% |0 26.7% |N/A |N/A 5.88% 
incontinence 
hematospermia |N/A (N/A |1.25% |0 6.7% (6.7% |N/A |N/A N/A 
Retrograde N/A |N/A |N/A |N/A |N/A 100% |N/A |N/A 84% 
ejaculation 
Sepsis N/A |N/A |N/A |N/A N/A N/A |N/A |N/A N/A 
Penile ulcer N/A |N/A |N/A |N/A N/A N/A |N/A |N/A N/A 
Bladder necrosis |N/A |N/A (N/A |N/A N/A N/A |N/A |N/A |N/A N/A |21% |N/A 
NA not available 
8.3 Safety get embolization [16], one patient with ischemic 


In the present study, PAE is associated with less 
blood loss, less blood transfusion, shorter cathe- 
terization and hospitalization, and fewer and less 
severe adverse events than TURP, but longer pro- 
cedure time and postprocedure pain. Unlike stan- 
dard prostate surgery, PAE could be performed 
under local anesthesia and the blood loss there is 
minimal post-PAE. Therefore, clotting disorders, 
anemia, and anticoagulant therapy are not contra- 
indications to PAE. Also, PAE could be per- 
formed in an outpatient without hospital 
admission (Table 8.3). 

The mild complications regarding PAE are 
usually self-limited and improved within 1-2 
weeks, including embolization-related compli- 
cations: acute urinary retention, urethral burn- 
ing, transient hematuria, buttock or perineal 
pain, gluteal paresis, and groin hematoma, and 
tissues necrosis-related complications: nausea, 
vomiting and low-grade fever, etc. The most 
serious complications are the ischemia of blad- 
der, rectal, penile, and rare complications such 
as hemisection syndrome, rectovesical fistula, 
and skin necrosis. Of these studies, two patients 
suffered self-limited penile ulcer due to nontar- 


necrosis of bladder wall received transurethral 
removal [17]. 

Preserving ejaculation function is a basic 
requirement for many patients, the literature 
reports that only 2 of more than 1000 cases suf- 
fered ejaculation disorders for PAE while 
60-65% for TURP [19]. However, Ray et al. 
reported retrograde ejaculation rates were 24.1% 
and 47.5% in PAE and TURP group, respectively 
(24.1%) [16]. In the study of Abt and colleagues 
[17], the retrograde ejaculation rates were up to 
56% and 84% in patients receiving PAE and 
TURP, respectively. The high incidence of retro- 
grade ejaculation may attribute to the use of 
questionnaire increased the sensitivity. 


8.4 Conclusion 

Although PAE failed to demonstrate superiority 
to TURP and OP, PAE with the advantages 
regarding minimally invasive nature, postopera- 
tive sexual function, and shorter hospitalization 
could be a worthy alternative in treating BPH in a 
selected group, especially for those who contra- 
indicate or refuse surgical treatment modality. 


8 Comparison of PAE with Other Treatments in BPH 


More randomized controlled clinical studies 
are needed to evaluate the long-term efficacy and 
safety of PAE and to select the ideal spectrum of 
indications. 
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PAE in the Treatment of Hematuria 
of Prostatic Origin 


Feng Duan, Xiujun Zhang, Zhijun Wang, 
Bing Yuan, Jinxin Fu, Huan Ma, Liang Li, 


and Haixian Qu 


9.1 Introduction 

Prostatic hematuria is one of the common emer- 
gencies in male urinary diseases [1, 2]. Refractory 
hematuria of prostatic origin (RHPO) is defined 
as repeated active bleeding after conservative 
methods, such as drug treatment, bladder irriga- 
tion, or cystoscopy. Although the overall inci- 
dence rate of RHPO is low, it causes severe 
problems for the quality of life, even life threat- 
ening. Additionally, this cohort of patients are 
mainly elderly people who usually combined 
with multiple comorbidities and with poor gen- 
eral appearance, radical surgery is not always 
feasible. Transcatheter arterial embolization has 
been used for the treatment of urinary bleeding 
for more than 40 years. Also, it has been success- 
fully used to treat prostatic hematuria and 
achieved good clinical results [1—10]. 
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Causes of Prostatic 
Hematuria 


9.2 


The common causes of hematuria are prostate 
malignancy, benign prostatic hyperplasia 
(BPH), iatrogenic bleeding, and radiation 
therapy [1, 2]. The incidence of hematuria 
caused by benign prostatic hyperplasia (BPH) 
is 2.5%, and it is up to 2-16% in patients post- 
urinary retention with BPH [2]. Prostatic 
hyperplasia can promote the proliferation of 
prostate acinar and stromal cells with the 
angiogenesis, even slight activity may disrupt 
these blood vessels, leading to spontaneous 
prostate bleeding, especially when combined 
with iatrogenic injury and repeated insertion 
of the catheter, the incidence of bleeding is 
higher [3]. 

The iatrogenic injury mainly includes prostate 
biopsy, transurethral resection of prostate 
(TURP), and urethral catheterization. The inci- 
dence of hematuria after prostate biopsy is 0.7%- 
62%, 12% after transurethral resection of prostate 
(TURP) and 0.4%-7.1% of them required blood 
transfusion, the incidence of hematuria after radi- 
cal prostatectomy is 0.5-1.6% [3-7]. 

The incidence of hematuria caused by prostate 
cancer is 0.7%, and up to 5.1% after radiation 
therapy, mainly due to acute edema, telangiecta- 
sia and occlusive endarteritis after radiotherapy, 
resulting in mucosal ischemia, ulcer, and intrac- 
table bleeding [4]. 
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9.3 Diagnosis 
Patients who suspected prostatic hematuria 


should be evaluated by cystoscopy, upper urogra- 
phy, urine culture, and urine cytology to deter- 
mine the cause and site of the bleeding [1, 2]. 


9.4 Prostatic Hematuria: General 


Principles of Treatment 


The management of serious prostatic hematuria 
is in a stepwise manner from least to more inva- 
sive treatment methods. Conservative treatment, 
including continuous bladder irrigation (CBI), 
use of 5-alpha reductase inhibitors, and blood 
transfusion, could cease the bleeding in usual 
[1—4]. If conservative treatment fails, the second- 
line therapies with limited efficacy, including 
intravesical instillations of alum, silver nitrate, 
and formalin, could be used. And then, fulgura- 
tion or TURP as more invasive minor surgical 
therapies are the best choices. Packing the pros- 
tatic fossa through open surgery under either 
local or general anesthesia is the most invasive 
and the last therapy, which is complicated and 
dangerous in patients with serious hematuria, 
because many of them are at high risk for general 
anesthesia and surgery [5-7]. Superselective 
transarterial embolization has been successfully 
used in the treatment of hemorrhage in various 
organ systems. Similarly, prostatic arterial embo- 
lization (PAE) may avoid the need for surgical 
procedures in patients with RHPO, thereby 
reducing significant morbidity [1—4]. 


9.5 Prostatic Arterial 
Embolization for Prostatic 


Hematuria: Basic Principles 


The basic principles and techniques of PAE for 
prostatic hematuria are similar to transarterial 
embolization for bleeding in other organs, but 
there are a few key differences. Firstly, in other 
organs, embolization is usually performed only 
when the distinct source of bleeding is identified 
(i.e., contrast extravasation and pseudoaneu- 
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rysm), but for prostatic hematuria, PAE is per- 
formed even if there is no evidence of active 
bleeding. It is mainly due to that prostatic arterial 
angiography rarely demonstrates a distinct source 
of bleeding, the purpose of PAE is to completely 
occlude the arterial blood supply to the prostate, 
thereby reducing blood perfusion and stopping 
bleeding [5—7]. Secondly, PAE could completely 
block the blood supply to the prostate by emboli- 
zing the bilateral prostate arteries. Although uni- 
lateral internal iliac arterial embolization has 
been successfully used to treat RHPO in some 
cases [2-4], bilateral embolization remains a 
standard technique because of the presence of 
communications between bilateral pelvic arter- 
ies, which may cause recurrent bleeding. 

9.6 The History of PAE 

in the Treatment of Prostatic 
Hemorrhage 


In 1974, Hald and Mygind [8] first reported that 
hypogastric artery embolization was used in the 
treatment of fatal bladder hemorrhage. In 1988, 
Appleton et al. [9] used the ITA embolization to 
treat 2 patients with massive hemorrhage after 
prostatectomy with the prompt cessation of the 
bleeding. In 2000, DeMeritt et al. reported a 
patient with hemorrhage and acute urinary reten- 
tion secondary to BPH who was unsuitable for 
surgical treatment underwent prostatic artery 
embolization. No complications and sexual dys- 
function occurred and the prostate volume 
reduced by 40% at 12 months after treatment. In 
2008, Rastinehad et al. reported their study of 8 
patients diagnosed as RHPO who underwent 
PAE, the technical success was 100% (8/8) and 
the gross hematuria stopped immediately and last 
up to 20 months [4]. 

In 2010, Jeong et al. [7] performed transarte- 
rial embolization to treat 4 patients with serious 
postoperative bleeding following radical prosta- 
tectomy using an enbucrilate: ethiodized poppy 
seed oil = 1:3 mixture. All patients were treated 
successfully with transarterial embolization with 
no treatment-related adverse event. In 2016, 
Kably et al. [3] used prostatic artery embolization 
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to treat 3 patients with iatrogenic RHPO (1 case 
after TURP, 2 cases after Foley catheter removal), 
and bleeding stopped within 24 h after PAE. In 
2017, Chen et al. [11] used PAE to treat 9 patients 
with RHPO secondary to advanced prostate can- 
cer (T4 stage). The technical and clinical success 
rate was 89% (8/9) and 67% (6/9), respectively. 
In 2018, Tapping et al. [2] used prostatic artery 
embolization to treat 12 patients with hematuria 
secondary to BPH. Technical success rate with 
bilateral PAE was 100%, and the clinical success 
rate was 100% and 92% at 3- and 18-month fol- 
low-up, respectively. 

PAE provides a reasonable and attractive 
alternative in the treatment of RHPO, regardless 
of the cause and can be used prior to surgery or in 
combination. With the advances in percutaneous 
catheters, embolization agents, and fluoroscopic 
imaging and embolization technology, the use of 
PAE has increased gradually in the treatment of 
prostatic hematuria over the past decade, and the 
current technical success rate is up to 88—100% 
and the clinical success rate is up to 67—100% [2, 
3, 6, 10-14]. An added advantage is the prostatic 
parenchymal ischemia and necrosis, especially in 
patients with lower urinary tract symptoms 
(LUST), thereby reducing the prostate volume 
and alleviating the symptoms of obstruction. 


Selection of Embolic 
Materials 


9.7 


The choice of embolic materials is mainly depen- 
dent on the diameter of the embolic arteries, 
blood flow velocity, the collateral arteries, and 
the position of the catheter tip, etc. Different 
types or different sizes of embolic materials may 
be used either singly or in combination. Currently, 
embolization materials for transarterial emboli- 
zation for the treatment of prostatic hematuria 
included, polyvinyl alcohol particles (PVA, range 
45-700 jm), tris-acryl gelatin microsphere 
(Embosphere, range 300-700 pum), gelatin 
sponge particles, coils with 0.035 inch in diame- 
ter, platinum microcoils with 0.018 inch in diam- 
eter, and the mixture of N-butyl cyanoacrylate 
(NBCA) and lipiodol [1, 6, 7, 11, 13—15]. 
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Several technical points are crucial to the suc- 
cess of transarterial embolization with a mixture 
of NBCA and lipiodol. Because it polymerizes 
when contact with tissue and blood, so meticu- 
lous details need to be taken during preparation; 
also, operators must be well trained to reduce the 
risk of NBCA polymerizing in vitro or in the 
catheter. In addition, superselective catheteriza- 
tion should be performed to avoid nontarget 
embolization [15]. 


9.8 Technical Tips of PAE 
in the Treatment of Prostatic 


Hematuria 


The active bleeding on the arteriogram is contrast 
extravasation; however, the incidence is rela- 
tively low (15%-30%). The indirect signs of the 
hemorrhage include pseudoaneurysm, arteriove- 
nous fistula, irregular and spasm of the arteries, 
and neovascularity (Figs. 9.1 and 9.2). 

Step by step embolization should be per- 
formed using different types and different sizes 
of embolic materials in combination. First, small 
embolic agents (<300 um) are used to embolize 
the distal artery, and then larger embolic agents 
(=300 um) are used to embolize the proximal 
artery [13, 16]. If superselection of the prostate 
arteries fails or important organ arteries (such as 
penile arteries) cannot be avoided, protective 
embolization could be performed using 
microcoils [13] (Fig. 9.3). In the case of emer- 
gency treatment of patients suffered severe hem- 
orrhage with unstable vital signs, if it is difficult 
to superselect prostate arteries, anterior iliac 
artery embolization could be performed using 
short-term embolization materials (such as gela- 
tin sponge particles) or combined with coils [1, 
13, 15]. Because there are many communication 
branches between bilateral prostate arteries or 
collateral arteries, especially with advanced pros- 
tate cancer, bilateral embolization should be per- 
formed as well as all the collateral arteries 
regardless of whether the bleeding site is detect- 
able on the arteriogram. 

As for hematuria following TURP and radical 
prostatectomy, arteriogram often shows contrast 
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Fig. 9.1 Images from a 79-year old BPH men with 
refractroy hemoturia. (a) Selective left IIA arteriography 
shows PA with bead-like aneurysmal dilation (arrow) aris- 
ing from obturator artery (arrowhead). (b) Superselective 


Fig.9.2 Images from a 
77-year old patient 
suffered refractroy 
hemoturia with protate 
cancer diagnosed by 
biopsy. Superselective 
angiography of the right 
(a) and left (b) PA 
(arrow) shows prostatic 
neovascularity with 
multiple fine feeder 
vessels (star). The 
hematuria was ceased 
post-embolization 


medium extravasation, pseudoaneurysm, or arte- 
riovenous fistula. Complete hemostasis could be 
achieved only by embolizing the bleeding arter- 
ies [17-21] (Fig. 9.4). 

Cone-beam CT (CB-CT) can provide useful 
pelvic arterial anatomical information and iden- 
tify the perfusion of prostate, also obviate nontar- 
get arteries, so as to improve the efficacy and 
avoid complications [2, 3, 16] (Figs. 9.5 and 9.6). 
Using superselective and bilateral embolization, 
we have treated 26 patients with macroscopic 
prostatic hematuria after unsuccessful conserva- 
tive therapies. The technical success rate and 
clinical success rate were 100% and 92.3%, 


angiography of PA shows the bead-like aneurysmal dila- 
tion (arrow). (c) Superselective embolization was per- 
formed with PVA particles (90-180 um), and hematuria 
was stopped 


respectively, with no serious complications. Also, 
the obstructive symptoms improved significantly. 
Furthermore, for patients with coagulopathy, it is 
critical to correct hemostatic abnormalities after 
PAE in reducing the hematuria recurrence. 


9.9 Indications 


and Contraindications 


The indication of PAE in the treatment of pros- 
tatic hematuria included (a) patients with pros- 
tatic hematuria who had failed conservative 
management, such as drug therapy, bladder 
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Fig. 9.3 Protecting embolization of the non-target artery. 
Images from a 65-year old man with LUTS due to 
BPH. PA arises from an accessory internal pudendal 
artery (aIPA). (a). Angiography of the right IIA shows the 
right aIPA (white straight arrows) and PAs (arrowhead). 
(b) Angiography of the right IIA shows the right aIPA 


Fig. 9.4 A 65 years old BPH men presented with hemo- 
turia 25 days after TURP. (a) Selective left obturator 
artery (arrowhead) angiography reveals pseudoaneurysm 
(arrow) in the dital branch. (b) Superselective emboliza- 


irrigation, or cystoscopy; (b) patients with con- 
traindications to surgery or at high risk for sur- 
gery; and (c) patients with recurrent hematuria 
after surgery or embolization [1-4]. 

No absolute contraindication when dealing 
with patients with life-threatening refractory 
hematuria [1, 4, 15]. The relative contraindica- 
tions included patients with (a) unstable vital 
signs; (b) mental disorder and cannot cooperate 
with PAE; (c) severe coagulopathies; (d) severely 
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(white straight arrows) and PAs (arrowheads). (c) 
Angigraphy of the aIPA by hand shows the distal of the 
aIPA disappeared, which was protectively embolized with 
microcoils (white straight arrow) prior to PAE. The aster- 
isk indicates the contrast-medium staining in the prostate 


tion was performed with PVA particles (90-180 um), 
postembolization angiography showed successful control 
of bleeding 


active prostatitis or urinary tract infection; and 
(e) allergic to iodinated contrast medium. 


9.10 Efficacy Evaluation 


Technical success is defined as bilateral emboli- 
zation or as occlusion of the targeted vessels with 
contrast medium extravasation on arteriography 
or as successful embolization of all 
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Fig. 9.5 The value of intra-procedural CB-CT in the 
identification of PA. (a) Angiography of the left IA shows 
a fine artery arising from the common gluteal-pudendal 
trunk seems to be PA (straight arrow). (b) Superselective 
angiography of the artery shows contrast stain (circle). (c) 


Fig. 9.6 Intra-procedural CB-CT in the identification of 
the multiple PAs. (a) Selective DSA of the left ITA shows 
the PA (arrowhead) and the left superior vesical artery 
(SVA) (curved arrow). The asterisk marks contrast- 
medium staining in the prostate. (b) Pelvic CB-CT with 


angiographically visible arteries supplying the 
prostate [1, 2, 3, 15, 22]. The technical success 
rate was reported as 88—100% [3, 6, 12, 13]. 
Clinical success is defined as either control or 
cessation of bleeding immediately after emboli- 
zation and without recurrent hematuria within 30 
days. The overall clinical success rate is from 70 
to 100%; with the use of superselective catheter- 
ization, the clinical success is up to 83 to 100% 
[6, 9, 12-14, 22-25]. In addition, several studies 
have reported the hematological outcomes after 
embolization. Liguori et al. [24] reported that 
after embolization, the hematocrit increased from 
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Pelvic CB-CT with sagittal MIP reformat after selective 
catheterization of the artery demonstrates it is middle rec- 
tal artery and supplies the rectal (circle). (d) Pelvic CB-CT 
with axial MIP reformat shows the rectal stain (circle) and 
a little prostate stain (dotted arrow) 


sagittal MIP reformat after selective catheterization of the 
anterior division of the left IA shows PA (straight arrow) 
and the left SVA (curved arrow). The arrowhead marks the 
posterior-lateral branch of the PA unidentifiable on DSA 


27% to 31% (P < 0.001), and the hemoglobin 
increased from 8.7 g/dL to 10.3 g/dl (P < 0.001). 
The recurrence rate of hematuria was 15-28% 
during the 16-20 months follow-up. The recur- 
rence was mainly caused by tumor recurrence 
and radiation cystitis [1-3]. 

The recurrence hematuria rate of patients with 
prostate cancer was higher than benign prostate 
disease. Chen et al. [11] performed PAE to con- 
trol hematuria secondary to advanced prostate 
cancer, the technical and overall clinical success 
rate were 89% and 67%, respectively, and with 
2/9 patients with recurrence hematuria at 3 
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months. The higher recurrence rate may be 
related to the release of angiogenesis factors by 
the cancer that leads to the faster neovasculariza- 
tion or recanalization than prostatic benign dis- 
ease [2]. 


9.11 Complications 

The mild complications are usually self-limited 
and improved within 1-2 weeks, including 
embolization-related complications: acute uri- 
nary retention, urethral burning, transient hema- 
turia, buttock or perineal pain, gluteal paresis, 
and small inguinal hematoma, and tissues 
necrosis-related complications: nausea, vomit- 
ing, and low-grade fever, etc. [15, 21, 22]. 

The most serious complications are the isch- 
emia of bladder, rectal, penile, and rare complica- 
tions such as hemisection syndrome, rectovesical 
fistula, and skin necrosis [14, 15]. It is mainly 
related to the inaccurate identification of target 
vessels, without superselective embolization, or 
operators inexperience in embolization technol- 
ogy. With the use of superselective technique, the 
complication rates associated with nontarget 
embolization has dramatically reduced. It 
reported that the ischemic complication rate was 
up to 68.5% that did not use superselective tech- 
nique, whereas the complications rate decreased 
to around 10% with superselective embolization 
[15, 22], and most of them were mild complica- 
tions. However, it should be noted that superse- 
lective catheterization too advanced may miss 
some feeding vessels arising from collateral ves- 
sels and may affect clinical success rate. 

The bladder is high hypervascular, the collat- 
eral blood supply is established quickly after the 
bladder artery trunk embolized or ligated. 
However, as for elderly patients with severe arte- 
riosclerosis, the bladder arteries embolized with 
small particles/microspheres (<100 um) may 
result in severe ischemia and bladder fistula. 
Penile ischemia and erectile dysfunction are the 
most serious complications of PAE, there are 
only case reports, which are mostly related to the 
anastomoses between internal pudendal arteries 
or accessory internal pudendal arteries and pros- 
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tate arteries or from a common trunk [26]. In 
these cases, protective embolization could be 
performed with gelatin sponge particles larger 
than 500 um or microcoils. Rectum is hypervas- 
cular with many collateral arteries, so rectal isch- 
emia after PAE is infrequency. 

Additionally, urosepsis is an infrequent com- 
plication that may be mainly attributed to the 
genitourinary abnormalities or as advanced pros- 
tate malignancy rather than the PAE procedures. 
So, post-PAE care and antimicrobial therapy are 
critical, especially in the high-risk infection pop- 
ulation [32]. 


9.12 Conclusion 


PAE is a safe and effective minimally invasive 
technique in the treatment of patients after failure 
of conservative treatment of prostatic hematuria 
regardless of the causes, especially with the use 
of superselective embolization technique, the 
efficacy and safety could be dramatically 
improved. And most of them avoid surgery. For 
those who really needed surgery, PAE could pro- 
vide a “bridge” to stabilize the blood circulation 
before surgery. An added advantage is the pros- 
tatic parenchymal ischemia and necrosis, espe- 
cially in patients with lower urinary tract 
symptoms (LUST), thereby reducing the prostate 
volume and alleviating the symptoms of 
obstruction. 
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Part I: Prostatic Arterial 
Chemoembolization 

in the Treatment of Prostate 
Cancer 


10.1 


10.1.1 Introduction 


Prostate cancer is one of the most common male 
genitourinary cancers worldwide. The incidence 
of prostate cancer varies widely around the world, 
with the highest region at 150/100,000 and the 
lowest region at 1/100,000 [1-7]. Of the most 
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common cancers occurred in men, the prostate 
cancer accounted for almost 1 in 5 new diagnoses 
[2]. Epidemiologic studies show that prostate 
cancer is multifactorial and may be related to age, 
race, genetic background, geographical location, 
and dietary constituents. Of those, age and family 
history are the main risk factors, 13% to 26% of 
prostate cancer patients with positive family his- 
tory (Table 10.1). Histological study of autopsy 
showed that approximately 33% of 40—60 years 
males have prostate cancer [8]. The incidence 
increases with age and reaches up to 75% in 
males >85 years [9]. In addition, the incidence in 
Europe-American males is higher than Asian 
males, especially, the African American with the 
highest incident rate. The risk of prostate cancer 
in Asian males increases when they migrate to 
Western regions [1, 4]. 

With the use of PSA as earlier detection for 
prostate cancer, the mortality in the United States 
has decreased by 4.17% from 1994 to 2009, the 
mortality in the United Kingdom has fallen by 


Table 10.1 The relation of family history and risk of 
prostate cancer 


Relative | Absolute 
Family history risks risks 
None 
Father or brother 


Age of father or brother at 
diagnosis <60 years 
Father and brother 
Hereditary prostate cancer 
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more than 1.0% per year from 1992 to 2008 [2, 
10, 11]. The relative survival rate of prostate can- 
cer in the Netherlands has increased to 99.0%, 
and the mortality rate has dropped by more than 
20.0% from 1993 to 2004 [12]. 


10.1.2 Clinical Manifestations 


Early-stage prostate cancer is generally 
asymptomatic [5, 6], when the patients associ- 
ating with prostatic hyperplasia or advanced 
prostate cancer that invade the urethra and 
bladder neck, they may suffer varying degrees 
of lower urinary tract symptoms or urinary 
tract irritation, which manifest as frequent uri- 
nation, urgency, hesitation, interruption, 
incontinence, acute urinary retention, and 
even hematuria in serious patients. Perineal 
pain and sciatica may occur when tumor 
invades the prostate capsule and peripheral 
nerves. Low back pain and pain in the affected 
testicle may occur when tumor invades the vas 
deferens. When invading and compressing the 
ureteral bladder opening can cause unilateral 
or bilateral hydronephrosis, and in severe 
cases can lead to renal failure. When invading 
vascular nerve bundles and rectum may cause 
erectile dysfunction and intestinal obstruction, 
respectively [1, 5]. 


10.1.3 Diagnosis 


10.1.3.1 Digital Rectal Examination 
Prostate cancer is characterized as a multifocal 
disease, about 70% to 80% occur in the periph- 
eral zone [8-10]. Digital rectal examination 
(DRE) play an important value in early diagnosis 
and clinical stage. However, DRE is a nonspe- 
cific examination, most of the patients detected 
by DRE are in the middle or advanced stages, and 
the proportion of early-stage patients is very 
small. Additionally, suspicious nodules detected 
by DRE need to be distinguished from other 
prostate diseases, such as hyperplastic nodules, 
chronic inflammatory granuloma of the prostate, 
and prostate tuberculosis [4, 5]. 
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10.1.3.2 Laboratory Tests 

Prostate-specific antigen (PSA) is a single-chain 
glycoprotein secreted by the prostate and is found 
in epithelial cells of the prostate ducts, which is 
produced by malignant as well as nonmalignant 
epithelial cells. The normal range of PSA is 0 to 
4 ng/mL. For values >4 ng/mL, the sensitivity for 
prostate cancer detection is 57% to 79%, the 
specificity is 59% to 68%, and the positive pre- 
dictive value is 40% to 49%. 80% of total PSA 
(t-PSA) in serum exists in bound form, called 
complex PSA (c-PSA), and 20% exists in free 
form, called free PSA (f-PSA). f-PSA is an effec- 
tive method to increase the detection rate of pros- 
tate cancer with t-PSA values in the gray area. 
The normal value of free/total PSA is greater 
than 0.16. When the t-PSA is between 4 and 
10 ng/mL, free/total PSA < 0.1 indicate prostate 
cancer [3, 4, 6]. 

PSA density (PSAD) is the ratio of total serum 
PSA to prostate volume and it is used to correct 
for the contribution of BPH to the total PSA 
level. The normal value of PSAD is less than 
0.15, while it is larger than 0.15 suggest cancer 
and less than 0.10 suggest BPH [3]. PSA veloc- 
ity (PSAV) is the rate of change in PSA levels 
over time, especially useful for men whose PSA 
rises in the “normal” range. If the PSA rises 
more than 0.75 ng/mL per year, it indicates can- 
cer [8-10]. 


10.1.3.3 Radiological Examinations 
Transrectal Ultrasonography (TRUS) The typ- 
ical sign of prostate cancer of TRUS is the 
hypoechoic nodules in the peripheral area of the 
prostate. A few cases are irregular strong echoes 
with punctate, patchy, or lumpy shapes inside the 
prostate, with or without rear sound shadows. 
Prostate cancer is hypervascular and its charac- 
teristic feature is the obviously increased blood 
flow in the hypoechoic area of the lesion. 
However, TRUS with lower specificity for pros- 
tate cancer diagnosis, the main value of TURS is 
TRUS-guided needle biopsy [11, 12]. 

Magnetic Resonance Imaging Magnetic res- 
onance imaging (MRI) scans are excellent for 
showing the anatomy of the prostate and indicat- 
ing the location and extent of prostate cancer 
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invasion [6]. Prostate cancer on T2-weighted 
imaging is characterized by low-signal defect 
areas or destroyed band structures in the high- 
signal peripheral zone, or the boundaries between 
the peripheral zone and the central zone disap- 
pear. When the affected prostatic capsule is 
blurred or interrupted or discontinuous, it indi- 
cates that the capsule is invaded. Prostate cancer 
showed significantly high signal on DWI imag- 
ing, ADC imaging signal decreased, as well as 
ADC value decreased [10, 12]. 

Computed Tomographic Scan The sensitiv- 
ity of computed tomographic (CT) scan in the 
diagnosis of early-stage prostate cancer is lower 
than that of MRI. The sensitivity of CT for the 
diagnosis of tumor invasion of adjacent tissues 
and organs and metastatic lymph nodes in the 
pelvis is similar to that of MRI. The purpose of 
CT scan for prostate cancer patients is mainly to 
determine the clinical stages [6]. 

Radionuclide Bone Scan Bone is the most 
common metastatic site of prostate cancer. 
Radionuclide bone scan can detect bone metas- 
tases 3 to 6 months earlier than X-ray, however, 
it is sensitive but relatively nonspecific, as areas 
of increased uptake are not always associated 
with metastatic disease. Radionuclide bone 
scan is recommended after the diagnosis of 
prostate cancer, especially for patients with 
PSA >20 ng/mL and Gleason score > 7, which 
can help accurately determine the clinical stage 


[6, 7]. 


10.1.3.4 Biopsy 

Biopsy is the most reliable means of establishing 
diagnosis of prostate cancer [5, 12-14]. 
Pathological stage of prostate cancer use the 
Gleason system that has been compressed into 
so-called Grade Groups. When measurement, the 
dominant and secondary glandular histologic 
variants are scored from 1 (well-differentiated) to 
5 (undifferentiated), respectively, and then add 
up the two scores to calculate the total score, 
ranging from 2 to 10. Also, records whether it is 
with perineural invasion and extracapsular 
spread. 
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10.1.4 Prostate Cancer Staging 


The stage of prostate cancer plays a decisive role 
in prognosis and treatment plans [5, 6]. The TNM 
system of American Joint Committee on Cancer 
(AJCC) (2002) is adopted that based on DRE, 
PSA, the number and location of positive needle 
biopsies, radionuclide bone scan, CT, MRI, and 
lymph node resection. 

Prostate cancer patients are divided into three 
categories: low risk, intermediate risk, and high 
risk, according to the prostate cancer risk factor 
analysis by evaluating PSA levels, Gleason score, 
and clinical stage (Table 10.2). For each group, 
the 10-year survival rate is 83%, 46%, and 29% 
for low, intermediate, and high risk group, 
respectively. 


10.1.5 Treatment: General Principles 


Prostate cancer is a slowly progressing disease, 
the treatment of prostate cancer is mainly based 
on age at diagnosis, clinical stage, Gleason group, 
PSA levels, and risk factors, as well as patients 
may die from diabetes, cardiovascular, or respira- 
tory comorbidities [5, 6]. 

Watchful waiting and active surveillance indi- 
cate in patients with low-risk factors, especially 
in elder patients or with comorbidities. Curative 
treatments for localized prostate cancer include 
Radical prostatectomy (RP), external-beam 
radiotherapy (EBRT), brachytherapy, and cryo- 
therapy. It is recommended that the combination 
of radiotherapy and androgen deprivation therapy 
is suitable for patients with locally advanced or 
metastatic disease or higher risk factors and 
unsuitable for curative treatments [13—17]. 


Table 10.2 The analysis of prostate cancer risk factors 


Low risk | Intermediate risk High risk 


PSA (ng/mL) | <10 10-20 >20 
Gleason  |<6 T: |28 
score 

Clinical | <T2a | T2b T>T2c 
stage 


88 


M. Wang et al. 


10.1.6 Prostatic Arterial 
Embolization for Patients 
with Advanced Prostate 
Cancer 


Recently, PAE has been attempted as a minimally 
invasive technique to treat prostate cancer [17—20]. 
The principal mechanism of PAE is occlusion of 
the prostatic artery by embolic agents with or 
without anticancer drugs, which results in tumor 
tissue ischemic necrosis. Although limited in num- 
ber, the current studies show its potential value in 
management of prostate cancer patients, especially 
for patients with complications, such as prostatic 
hyperplasia leading to LUTS or the tumor invad- 
ing the urethra or bladder neck causing hematuria 
that affects quality of life seriously [21, 22]. 
10.1.6.1 Indications 

and Contraindications 

The indications include patients who refuse other 
therapies or cannot tolerate the side effects of 
hormonal therapy and do not want to continue it 
or who associate with prostatic hyperplasia lead- 
ing to LUTS or who with refractory hematuria 
caused by prostate cancer. The contraindications 
are as follows: active prostatitis or urinary tract 
infection; renal failure; neurogenic bladder or 
detrusor failure; allergy to contrast medium; and 
severe atherosclerosis. 


10.1.6.2 Anticancer Drugs 
The commonly used chemotherapy drugs for pros- 
tate cancer include taxanes, mitoxantrone, doxoru- 


bicin, epirubicin, estradiol nitrogen mustard, 
cyclophosphamide, norvindesine, cisplatin, and 
fluorouracil (Table 10.3) [17-22]. Of those, 
docetaxel has been recommended as standard first- 
line chemotherapy after endocrine therapy failure 
for prostate cancer. Cabazitaxel is a new type of 
tubulin-binding taxane drug, which has antitumor 
activity in docetaxel-resistant cancers. Cabazitaxel 
combined with prednisone can improve the overall 
survival of patients with castration-resistant, meta- 
static prostate cancer who have disease progres- 
sion during or after docetaxel-based therapies. 
Therefore, it is recommended to treat patients with 
castration-resistant, metastatic prostate cancer 
who have undergone cabazitaxel therapy. 


10.1.6.3 PAE Procedure 
and Technique Tips 

As described before [23, 24], a vascular sheath is 
placed into the artery under local anesthesia, gen- 
erally through the right femoral artery. Based on 
angiographic findings of the internal iliac artery, 
external iliac artery, inferior mesenteric artery, 
and other suspicious arteries, the prostate arter- 
ies, and tumor feeding vessels are superselec- 
tively catheterized with coaxial microcatheter 
and subsequently infused with chemotherapy 
drugs and/or embolized with the mixture of che- 
motherapy drugs and embolic agents. 

Commonly used chemotherapy drugs are 
docetaxel, doxorubicin, or cisplatin. Selection 
of embolic materials is dependent on the opera- 
tor’s preference, including polyvinyl alcohol 
particles (PVA), Embosphere, Embozene, 


Table 10.3 The efficacy of single-agent chemotherapy for prostate cancer 


50% PSA Survival time 
Drug Cases (n) | reduction rate (month) Symptomatic relief 
Docetaxel 138 38—46 9.4-27 Yes 
“Mitoxantrone 255 33-48 12.3-23 Yes 
Epirubicin 260 24-32 9-13 Yes 
Cyclophosphamide 53 4 8-12.7 Yes 
Estradiol nitrogen mustard 561 21 NA Yes 
Norvinblastine 44 15.9 NA Yes 
Doxorubicin 135 [NA 8-10.8 Yes 
Cisplatin 176 26 NA Yes 


Note: PSA response rate is defined as PSA values decreased by more than 50% for at least 4 weeks 


NA not available 
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LC-bead, gelatin sponge particles, and 
microcoils [17—22]. The endpoint of emboliza- 
tion is to occlude all tumor feeding arteries with 
complete stasis of flow. Cone-beam CT is used 
during PAE procedures to identify the tumor 
feeder vessels, duplicated prostate arteries, and 
contralateral vessels, which are difficult to be 
confirmed by digital subtraction angiography 
alone, thereby improve the efficacy and also 
avoid nontarget embolization. For advanced 
prostate lesions, the blood supply to the tumors 
is usually multiple, including PA, internal iliac 


Fig. 10.1 Images of a 71-year-old man with biopsy- 
proven prostate cancer, Gleason score 4 + 4 = 8. (a) DSA 
image of inferior mesenteric artery (black arrow) demon- 
strates the tumor (white arrow) supplied from superior 
rectal artery (dotted arrow). (b) Pelvic CB-CT with axial 
MIP reformatting after selective catheterization of inferior 
mesenteric artery shows contrast medium staining in the 


a 


Fig. 10.2 Images of a 67-year-old man diagnosed as 
prostate cancer by biopsy with indwelling urinary cathe- 
ter, seminal vesicle was invaded, Gleason score 5 + 4 = 9. 
(a) Image from DSA performed in a 35° ipsilateral ante- 
rior oblique direction shows the PA (white arrow) arising 
from the anterior division of the ITA common trunk with 
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artery, inferior mesenteric artery, external iliac 
artery, middle sacral artery, and iliolumbar 
artery (Figs. 10.1, 10.2, and 10.3). 


10.1.6.4 Efficacy and Safety 

Technical success is defined as bilateral emboli- 
zation and occluded all tumor feeding arteries, 
otherwise, the procedure is considered a technical 
failure. Biochemical success (BS) is defined as 
PSA value at 1-month post-PAE <2 ng/mL or less 
than or equal to the value before PAE but <2 ng/ 
mL, otherwise, defined as a biochemical failure 


tumor region (circle). (c) Pelvic CB-CT with sagittal MIP 
reformatting of inferior mesenteric artery shows the tumor 
(circle) supplied from the branches of superior rectal 
artery. (d) The skin around the anus was ruptured on 
5 days after PAE, he was received conservative treatment 
and healed on 30 days post-PAE 


| prae 


superior vesical artery (black arrow). Curved arrow marks 
IPA. (b) Superselective angiography of the PA shows 
obvious tumor stain (asterisk). (c) Superselective angiog- 
raphy of a branch (dotted arrow) of IPA shows tortuous 
tumor-feeding arteries and slight tumor stain (asterisk) 
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Fig. 10.3 Images of a 77-year-old man with biopsy- 
proven prostate cancer, Gleason score 4 + 5 = 9. (a) Image 
from DSA of right IIA performed in a 35° ipsilateral ante- 
rior oblique direction shows the superior vesical artery 
(white arrow) and subtle arteries (arrowhead) from IPA 


(BF). Biochemical recurrence (BR) is defined as 
PSA value >2 ng/mL above the nadir PSA after 
BS [25, 26]. 

Mordasini et al. [19] performed PAE with 
100 um Embozene to treat 12 patients with pros- 
tate cancer at staging of T1c-T2a. Histopathologic 
analysis indicated that 2 patients with complete 
necrosis of the index lesion, 5 with partial necro- 
sis, and 5 patients did not show any tumor regres- 
sion. Two patients with bladder necrosis required 
additional surgery. 

Pisco et al. [18] reported an 80.0% (16/20) 
technical success rate and an 81.3% (13/16) bio- 
chemical success rate after prostatic artery che- 
moembolization in the treatment of 20 prostate 
cancer patients with staging of T2NOMO. 
Embolization was performed with a mixture of 
docetaxel and 150-300 pm Embosphere. Adverse 
events (31.3%) included urinary urgency (n = 1), 
transient acute urinary retention (n = 1), sexual 
dysfunction (n = 2), and bladder wall ischemia 
(n = 1), which was removed by surgery. 

In the two studies [18, 19], the rates of adverse 
events were higher than PAE in the treatment of 
BPH previously reported, especially the serious 
adverse events, such as bladder necrosis and sex- 
ual dysfunction. This may be attribute to more 
frequent subtle feeder branches, anastomoses, or 
collateral vessels supplying the tumor bed, espe- 
cially the extra-prostate blood supply increased. 


(black arrow) supply the tumor. Circle marks the tumor 
region. (b) DSA image of left ITA in a 30° ipsilateral ante- 
rior oblique direction shows multiple fine feeder vessels 
(arrowhead) supple the tumor. Circle marks the tumor 
region 


In addition, the use of chemotherapy drugs may 
cause local irritation and have potential risks in 
increasing adverse events. During PAE proce- 
dure, to minimize the risk of adverse events sec- 
ondary to nontarget embolization, DSA combined 
with cone-beam CT during PAE procedures have 
practical importance for identification of the 
arteries’ anatomy and provide information to 
help treatment planning (Figs. 10.4 and 10.5). 


10.1.7 Conclusion 


PAE is an alternative method for the treatment of 
prostate cancer without the risk of hemorrhage, 
urinary incontinence, and erectile dysfunction 
associated with prostatectomy. Although PAE is 
not a curative treatment for prostate cancer, 
embolization combined with chemotherapy 
drugs may improve outcomes. PAE has several 
advantages in the treatment of prostate cancer. 
PAE could be used as a neoadjuvant treatment 
option to delay tumor progression, decline tumor 
stage, and delay the need for androgen depriva- 
tion therapy and thereby avoiding the side effects 
associated with castrate levels of testosterone. 
Specifically, it is useful to control the local symp- 
toms of advanced cancer (such as LUTS and 
refractory hematuria, and so on). More studies 
are needed to confirm the efficacy and safety. 
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Fig. 10.4 Pre- (a) and 3-month post-PAE (e-h) MR (b= 1000); (b, f) T2 weighted; (c, g) Sagittal T1-weighted; 
images of the same patient in Fig. 10.2. The catheter was (d, h) Axial contrast-enhanced T1WI. (b1400). Arrow 
removed l-week post-PAE. (a, e) Diffusion weighted marks the catheter; circle marks large necrosis of the tumor 


92 


M. Wang et al. 


Fig. 10.5 The prostate tissues of the same patient in 
Fig. 10.1 who accepted prostatectomy 2 months after PAE 
were stained with hematoxylin and eosin. (a) Pre-PAE 
biopsy demonstrates fused, irregular glands, and large 


10.2 Part Il: Prostatic Arterial 
Chemoembolization 
in the Treatment of Prostate 
Sarcoma 


10.2.1 Introduction 


Prostate sarcoma (PS) is a very rare adult non- 
epithelial malignancy, representing only 0.1%— 
0.2% of all prostate cancers [27-33]. 
Leiomyosarcoma is the most common histo- 
logical type in adult patients, while rhabdo- 
myosarcoma (RMS) is more common in 
children [34-37]. Because of the low incidence 
of these tumors, there is little evidence for 
optimal treatment; historically, patients with 
prostate sarcomas have a low long-term sur- 
vival rate [28-32]. 


10.2.2 Presentations 


The common initial presenting symptoms are uri- 
nary obstruction (70-90%), pelvic or perineal 
pain (40-65%), and urinary frequency (30-50%), 
while the least common symptoms are weight 
loss (10-20%) and pain with ejaculation (10- 
20%). The median interval from clinical symp- 


nucleoli. (b) Post-prostatectomy tissue shows complete 
necrosis and the PVA particle (arrow) mixed with inflam- 
matory cells and fibrosis 


toms to hospitalization was 2 months (range 
0.2-12 months). DRE can detect significantly 
enlarged prostate [28-31]. 


10.2.3 Diagnosis 


Prostate sarcoma is usually diagnosed by a well- 
tolerated transrectal ultrasound-guided biopsy 
without general anesthesia, which usually 
provides sufficient tissue for pathological diag- 
nosis [30, 31]. Prostate sarcomas often cause uri- 
nary tract obstruction, and transurethral 
prostatectomy for bladder outlet obstruction 
symptoms may detect prostate sarcomas. Due to 
the non-epithelial origin of prostate sarcoma, 
PSA values in these patients are normal in gen- 
eral [28]. Additionally, MRI can better display 
soft tissue through multi-planar imaging, thus 
better assess the relationship between tumors 
and adjacent visceral and neurovascular struc- 
tures, and help clinical stage and surgical plan- 
ning of tumors [29, 33]. 

Prostate benign spindle cell nodules may be 
caused by previous urological procedures such as 
needle biopsy of the prostate or transurethral 
prostatic resection. These lesions may be misdi- 
agnosed as low-grade sarcoma tumors. Other 
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benign prostatic lesions may occur without 
underwent urological surgery, which shows the 
importance of careful preoperative histological 
characterization of atypical prostate tumors 
before extensive pelvic surgery [27, 29]. 


10.2.4 Treatment 


Surgery has been the main treatment, and usually 
requires bladder prostatectomy or total pelvic 
resection for locally advanced lesions. If the sar- 
coma is small and localized to the prostate, radi- 
cal prostatectomy or more conservative surgery is 
an option, but this is not common [28-32]. The 
role of neoadjuvant therapy and adjuvant therapy 
(radiotherapy [RT], chemotherapy) is not clear, 
and its indications usually depend on the prefer- 
ence of the institution or refer to the treatment of 
soft tissue sarcomas (such as limb or retroperito- 
neum). The data in literature are limited: the 
patients number is usually small (4—23 patients), 
usually including metastases [27—33, 38], and the 
diagnosis and therapy are usually uneven, which 
affects the analysis of clinical results and the 
choice of treatment methods. 

Preoperative chemotherapy can induce tumor 
necrosis and pathological response. In the study 
of Sexton et al. [28] including 21 patients, six of 
them underwent preoperative therapy and then 
receive surgery, all of them were detected necro- 
sis of primary neoplasms exceeded 90% in 
pathologic specimens, while patients with pre- 
operative RT achieved significant tumor volume 
reduction. Furthermore, patients receiving adju- 
vant and/or neoadjuvant therapies had a better 
prognosis than patients who underwent surgery 
alone. They concluded that comprehensive treat- 
ment with multidisciplinary could achieve the 
best clinical outcomes. 

The value of multidisciplinary therapy in 
prostate sarcomas is confirmed in a study of 8 
patients by Ball et al. [30] all of them received 
neoadjuvant RT and then underwent surgery after 
a median follow-up of 36 months, all patients 
without local recurrence, and overall, the 5-year 
survival rate and cancer-specific survival rate 
were both 65.5%. 
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10.2.5 Prostatic Arterial 
Chemoembolization 
10.2.5.1 Rationale/Impact 
Mechanisms of PACE for PS 
Transarterial chemoembolization (TACE) has 
been widely used to treat solid tumors, especially 
in hypervascular cancers [39—41]. However, there 
is no report on the efficacy of prostatic arterial 
chemoembolization (PACE) for prostate sarcoma. 
Prostate sarcoma is typically large hypervascular 
lesions [31, 33]. For this reason, intravascular 
locoregional therapy may represent an effective 
therapeutic approach for inoperable the prostate 
sarcoma, in particular, in case of high tumor mass 
with obstructive urinary symptoms. The rationale 
of PACE is to administrate chemotherapeutic 
drugs and embolic materials to occlude tumor 
feeding arteries and subsequently lead to tumor 
ischemia and anoxia and then resulting in tumor 
infarction/necrosis. It is an effective treatment 
modality to palliate hypervascular tumors and can 
be used as independent palliative or adjuvant pre- 
operative treatment [39-45]. 
10.2.5.2 Indications 
and Contraindications: PACE 
for PS 
Indications generally include (a) presence 
of a symptomatic histologically proven 
leiomyosarcoma of the prostate; (b) without dis- 
tant metastases at initial presentation; (c) en bloc 
resection not possible; refractory gross hematu- 
ria; (d) recurrence of symptoms after radiother- 
apy and/or resistance to systemic chemotherapy 
and/or radiotherapy. 

The contraindications were: patient with 
cachexia status, chronic renal failure, active 
prostatitis or urinary tract infection, coagulopa- 
thy, and contraindication to angiography [19, 
42, 46, 47]. 


10.2.5.3 PACE Technique 

All patients should have clinical and laboratory 
evaluations as well as cross-sectional imaging 
with contrast-enhanced CT or MRI of the pelvic 
prior to and following the procedure to assess for 
tumor response. 
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All patients are hospitalized prior to the proce- 
dure. Local anesthesia is administered using 5-mL 
2% lidocaine. Subsequently, a 4-5 Fr vascular 
sheath is inserted into the femoral artery using the 
Seldinger technique. First, to evaluate the iliac 
vessels, pelvic angiography is performed by using 
a 4-5 Fr pigtail-type catheter, Then, to evaluate the 
branches of the internal iliac artery (IIA) and to 
identify tumor feeder arteries, DSA is performed 
by using a 4-5 Fr angiocatheter (Simmons I, RH, 
Cobra, or Roberts uterine catheter) at the anterior 
division of IIA. In patients with identification of 
tumor feeder vessels are challenging, CB-CT is 
performed using a coaxial 2.0-2.6 Fr microcathe- 
ter to enable superselective chemoembolization. 

The chemotherapeutic agents are mainly used 
for neoadjuvant therapy including the combina- 
tion of gemcitabine and docetaxel, or Adriamycin 
and Ifosfamide or cyclophosphamide, or vincris- 
tine and doxorubicin [28-30]. According to the 
study protocols approved by the institutional 
review board, a combination of doxorubicin 
(100 mg/m’) and cisplatin (80 mg/m?) were used 
for intra-arterial infusion of the targeted vessels 
in our patients. 

Different types and different sizes of embolic 
materials could be used for embolization of the 
supplying arteries, either single or in combina- 
tion [42—47]. Currently, embolization materials 
for transarterial embolization for the treatment of 
tumor or tumor-bleeding, including polyvinyl 
alcohol particles (PVA, range 45-700 um), tris- 
acryl gelatin microsphere (Embosphere, range 
300-700 um), gelatin sponge particles, coils, and 
the mixture of N-butyl cyanoacrylate (NBCA) 
and lipiodol. It is recommended that the small- 
sized particles (50-200 um) may be more suit- 
able for embolization of these fine tumor vessels. 
When multiple feeding arteries (i.e., the prostatic 
arteries, the superior vesical arteries, internal 
pudendal arteries, and the middle rectal arteries) 
are identified, the chemo-agents and the smaller 
sized particles are injected into the main feeders, 
and the other arterial branches could be emboli- 
zed with PVA 300-500 um. 
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10.2.5.4 Post-Procedural 
Management and Follow-Up 

Patients stay in the hospital for 3-5 days post- 
procedure for observation and are administered 
appropriate hydration for 2—3 days and then dis- 
charged if no complications occurred. The use of 
antiemetics and antipyrexial medications is 
allowed when the pelvic pain, fever, nausea, or 
vomiting are present. Patients who have indwell- 
ing catheters due to acute urinary retention pre- 
procedure are asked to return after 1 week to 
remove the catheter if they can urinate spontane- 
ously. If the first attempt failed, an additional 
attempt to remove the catheter is made every 
7-days interval. 

In the authors’ hospital, patients received 
imaging follow-up using CE-MRI. The first MRI 
follow-up is performed at 1-month post-pACE to 
evaluate the early efficacy and detect if there are 
complications, then MRI is performed at 
2-3 months post-PACE and thereafter based on 
clinical efficacy to determine the follow-up inter- 
vals, to evaluate the local efficacy and the absence 
of local tumor progression. Patients with residual 
lesions underwent retreatment approximately 
6-8 weeks after the preceding procedure until a 
radiological complete response was observed. 
Patients who achieved a complete response were 
then followed by means of three-monthly labora- 
tory and MRI investigations. TACE was discon- 
tinued in patients who exhibited disease 
progression (local or extra-pelvic) or treatment 
intolerance, those who translated from unresect- 
able to resectable tumor, those who refused to 
continue the study. 


10.2.5.5 Outcome Measures 

Technical success is defined as successful embo- 
lization of all angiographically and/or CB-CT 
identifiable arterial supply to the tumor. 
Postembolization symptoms and complications 
are registered and classified according to the 
Society of Interventional Radiology (SIR) guide- 
lines [48]. Complications are considered minor if 
they can be relieved by ambulatory treatment and 
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considered major if lead to prolonged hospital- 
ization, hospital readmission, or required surgery. 
Toxicity of the chemotherapeutic agents is also 
assessed after PACE. 

Clinical success is defined as cessation of gross 
hematuria within 1-week post-PACE [46, 47], sig- 
nificant pain relief and constipation, and improve- 
ment of the urinary obstruction symptoms with 
removal of indwelling catheters. The outcome 
measures are PACE response, disease status at last 
follow-up, and overall survival (OS). Tumor 
response of target lesions in each patient after 
treatment is evaluated by CE-MRI, based on the 
modified Response Evaluation Criteria in Solid 
Tumors (mMRECIST) [49]. Complete response 
(CR) is defined as the absence of any enhanced 
tumor. Measurements of ischemic volume, total 
tumor volume (volume = length x depth x width x 
0.5233), and ratio of ischemic volume to total 
tumor volume are calculated, by using segmented 
manual measurements on each axial section, per- 
formed by two diagnostic radiologists. 


10.2.6 Outcomes 


10.2.6.1 Technical Outcomes 

In the authors’ hospital, a total of 12 patients with 
inoperable PS underwent PACE between January 
2014 and May 2018. The procedure was repeated 
on an as-needed basis, and a total of 29 PACE 
sessions were performed (1—4 times). Second or 
more sessions of PACE were performed due to 
the establishment of collaterals supply to the 
tumor after the first PACE. One of the 12 patients 
underwent PACE once, 6 patients underwent 2 
times, 4 patients underwent 3 times, and | patient 
underwent 4 times. Technical success was 
achieved in 100%. 

The arterial supplying to the tumors identified 
by DSA and CB-CT included from the prostatic 
arteries (n = 28), the superior vesical arteries 
(n = 7), the branches of the internal puden- 
dal arteries (n = 4), the middle rectal arteries 
(n = 4), the inferior epigastric artery (n = 4), the 
obturator artery (n = 3), the middle sacral arteries 
(n = 3), the iliolumbar artery (n = 2), and the infe- 
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rior mesenteric arteries (n = 2). Seven patients 
(58.3%) were presented with multiple feeders 
supplying and 5 (41.7%) patients had only PAs 
feeding arteries. Representative cases are shown 
in Fig. 10.6. 

No major complications were noted. After 
PACE, all patients presented with low fever 
(37.5 °C to 38.5 °C) associated with nausea and 
poor appetite for 2 to 5 days. Other symptoms, 
including urethral burning and perineal pain, 
occurred in 6 cases. Mild diarrhea with small 
amount of rectal bleeding occurred in 2 cases, 
and these may be caused by the nontarget embo- 
lization of rectal and result in rectal ischemia. All 
these minor complications were self-limited and 
disappeared within the first 1 week. Additionally, 
there was no obvious chemotherapeutic agent- 
induced toxicity during and after PACE. Normal 
sexual function had been reported pre-PACE in 
six patients and no erectile dysfunction or ejacu- 
latory disorders occurred post-PACE in these 
patients. 


10.2.6.2 Clinical Outcomes 

After a median follow-up of 29 months (range 
9-52), five patients (41.7%) had died of their dis- 
ease progression systemically, with a median sur- 
vival of 26 months (range 9-37 months, 
26.6 months + 10); seven patients (58.3%) were 
alive at last follow-up with a median survival of 
29 months (range 19—49 months, 32 months + 10): 
5 patients were disease free (3 treated with 
PACE alone and 2 treated with PACE plus sur- 
gery) and 2 patients were alive with disease (1 
treated with PACE alone and 1 treated with 
PACE plus surgery), confirmed by MRI. Overall, 
the survival rate at 1, 2, and 3 years was 91.7%, 
83.3%, and 57.1%, respectively, and the median 
OS was 29 months (range 9-49 months, 
29.8 months + 18). 

PACE allowed subsequent surgical resection 
in 5 cases (41.7%): 2 cases underwent radical 
prostatectomy and 3 cases underwent radical cys- 
toprostatectomy with urinary reconstruction. 
Pathological examination showed complete 
necrosis in the excisional specimens in 3 patients. 
The remaining 2 patients had 90% and 95% of 
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Fig. 10.6 The tumor blood supply originated from the 
PAs. A 64-year-old man presented with progressive 
obstructive voiding symptoms and repeated episodes of 
gross hematuria for 3 months. Pathological examination 
of the prostate needle biopsy indicated leiomyosarcoma. 
(a) DSA of the right PA (arrow) shows a large hypervas- 
cular mass (asterisk) in the right lobe of the prostate. (b) 
DSA of the left PA (arrow) shows the large hypervascular 
mass (asterisk) in the left lobe of the prostate. (c) Pelvic 
CB-CT after selective catheterization of the right PA 
(arrow) shows the large hypervascular tumor. Noted the 
indwelling catheter (arrowhead). (d) Pelvic CB-CT after 


selective catheterization of the left PA (arrow) shows the 
large hypervascular tumor in the left lobe of the prostate. 
(e) Axial contrast-enhanced Tl-weighted MR image 
obtained before PACE shows a large hypervascular tumor 
arising from the prostate gland (asterisk). Noted the 
indwelling catheter (arrow). (f) Axial contrast-enhanced 
Tl-weighted MR image obtained at 1-month after PACE 
shows complete necrosis of the prostatic tumor (aster- 
isks). (g) Axial contrast-enhanced T1-weighted MR image 
obtained at 24-month after 3 sessions TACE shows com- 
plete shrinkage of the prostatic tumor with residual scar 
(asterisk) 
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the necrotic area within the tumors, respectively. 
Surgical margins were microscopically positive 
in 1 patient (20%) and negative in the remaining 
4 (80%) patients (Figs. 10.7 and 10.8). 


10.2.6.3 Controlling the Gross 
Hematuria 

After PACE, the gross hematuria was completely 

stopped in all 10 patients within 24, 48, and 72 h 

in 4, 3, and 3 patients, respectively, translating to 

a 100% clinical success rate in control of the 

bleeding. During a median follow-up of 
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25 months (range 6-37 months), 6 of the 10 
patients with good bleeding control and did not 
require other treatments. The other 4 patients had 
a recurrence of hematuria after 2—3 months, and 
the bleeding stopped after medication. 


10.2.6.4 Obstruction Relief 

After PACE, 9 of the 12 patients recovered spon- 
taneous urination within 1 week (n = 2), 2 weeks 
(n = 3), and 4 weeks (n = 4), respectively. During 
follow-up, 5 patients underwent surgical treat- 
ment (RP = 2, RCP = 3) after TACE with no need 


Fig. 10.7 The tumor blood supply originated from mul- 
tiple feeders. A 47-year-old man presented with progres- 
sive obstructive voiding symptoms and repeated episodes 
of gross hematuria for the past 2 months. Pathological 
examination of the prostate needle biopsy indicated leio- 
myosarcoma confirmed with immunohistochemical stain- 
ing. (a) DSA of the pelvic arteries shows a large 
hypervascular mass (asterisk) supplied from the branches 
of the IAs (arrow). (b) DSA of the inferior mesenteric 
artery (arrow) shows the contrast tumor staining (aster- 
isk). (c) DSA of the middle sacral artery (arrow) shows 


the contrast staining in the lower part of the tumor (aster- 
isk). (d) Axial contrast-enhanced T1-weighted MR image 
obtained before PACE shows a large hypervascular tumor 
arising from the prostate gland (asterisk) with infiltrating 
the bladder. Noted the indwelling catheter (arrow). (e) 
Axial contrast-enhanced T1-weighted MR image obtained 
at 18-month after 4 sessions PACE shows almost com- 


plete necrosis of the prostatic tumor (asterisks). 
Subsequent radical prostatectomy was performed and 
pathological examination showed complete necrosis in 
the excisional specimen with negative margin 
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Fig. 10.8 A 46-year-old man presented with progressive 
obstructive voiding symptoms, perineal pain, constipa- 
tion, and repeated episodes of gross hematuria for the past 
5 months. Pathological examination of the prostate needle 
biopsy indicated leiomyosarcoma confirmed with immu- 
nohistochemical staining. (a) DSA of the left ITA shows a 
large hypervascular mass (asterisk) supplied from the left 
PA (arrow). (b) Angiography of the left PA (arrow) shows 
the massive neovascularization in the tumor (asterisks). 
Noted the indwelling catheter in the compressed bladder 


for the catheter; 4 patients were catheter-free at 
their last follow-up. Three patients had persistent 
difficulty voiding after PACE and they continued 
to receive catheterization therapy. In addition, 
constipation was improved in 100% (7/7) and 
perineal pain was improved in 85.7% (6/7) after 
PACE. 


10.2.6.5 MRI Follow-Up 
All tumors demonstrated a marked response to 
PACE. After the last PACE, the percentage of 


(arrowhead). (c) Coronal contrast-enhanced T1-weighted 
MR image obtained before PACE shows a large heteroge- 
neous hypervascular tumor arising from the prostate gland 
(asterisks). (d) Coronal contrast-enhanced T1-weighted 
MR image obtained at 10-month after 3 sessions PACE 
shows almost complete necrosis of the prostatic tumor 
(asterisks) and significant reduction of the tumor volume. 
The patient refused to other treatments and he is alive 
asymptomatic with focal residual contrast-enhanced 
lesion, during 30 months of follow-up 


necrotic area within the tumor ranged from 65% 
to 100%, with a median value of 90% (mean, 
90% + 10; Fig. 1.4). Tumor volumes were 
reduced by 35%-100% (median, 83.6%; IQR, 
91.6% to 42.3%; mean, 71.4% + 25) after their 
last PACE. According to the mRECIST criteria, 
the objective response (complete response/necro- 
sis [CR] + partial response [PR]) and disease 
control after PACE were presented with 100%, 
including CR in 3 patients (25%) and PR in 9 
patients (75%). 
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10.2.7 Comments 


Management of PS is a challenge. 
Multidisciplinary comprehensive therapies, 
including surgery, radiotherapy, and chemo- 
therapy are recommended, however, no consen- 
sus has been achieved on the best treatment. 
Overall prognosis is poor and 50%-75% of 
patients die of the malignant tumor within 
2-5 years; median survival is about 
15-18 months [27-30]. Thus, there is a need to 
find new treatment protocols to increase sur- 
vival rates and improve their quality of life. 

Benefits of PACE in authors’ case series 
appear to be extensive tumor necrosis with a 
median value of 90% and significant volume 
reduction with a median value 84% at the last 
follow-up after PACE and rapid resolution of 
gross hematuria, urinary retention, constipation, 
and perineal pain, apparently attributed to bulky 
tumors and rapid tumor progression. In addition, 
the median OS in the authors’ study was much 
longer (29 months, mean 30 months) than the 
median OS of 15-18 months (mean 24 months) 
in patients with nonresectable nonmetastatic PS 
reported by others [27—33]. The actuarial survival 
rate at 1-, 2-, and 3-year were 91.7%, 83.3%, and 
41.7%, respectively, and longer than the reported 
by Vandoros et al. [37] with the 1- and 3-year 
survival rates of 68% and 34%, respectively; and 
also longer than the reported by Wang et al. [32] 
with the 1-, —2, 3-year survival rates of 80.0%, 
47.4%, and 22.6%, respectively. 

For patients with giant prostate sarcoma with 
surrounding tissue invasion, in order to achieve a 
radical resection and minimize the extent of 
resection, thereby retaining optimal function out- 
comes, neoadjuvant radiation therapy (with or 
without chemotherapy) can be performed before 
resection. However, only a few patients could be 
converted from an unresectable tumor to a resect- 
able one after these treatments. Wang et al. 
reported the outcomes of 25 patients with 
unresectable prostate sarcoma. They concluded 
that neither chemotherapy nor radiation therapy 
could improve the survival rate of these patients 
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[32]. Musser and colleagues updated the 
Memorial Sloan Kettering experience of treat- 
ment of prostate sarcoma in 38 patients. The 
authors concluded that neoadjuvant systemic 
therapy along with radiotherapy occasionally 
lead to downsizing of the primary tumor, thereby 
achieve complete resection [33]. In the authors’ 
series, PACE allowed surgical resection in 5 
(41.7%) patients after 2—4 sessions; negative sur- 
gical margin was presented in 4 of the five 
patients. Therefore, PACE can be the initial treat- 
ment before resection substitute for systemic 
chemotherapy, especially for patients without 
distant metastases, and can be repeated until the 
tumor can be completely resectable. In the 
authors’ case series, PACE for the treatment of 
the PA has been shown to be safe and well toler- 
ated. There was no marked chemotherapeutic 
agent-induced toxicity noted. 

In patients with large aggressive PS, complete 
local control of the lesion was difficult to achieve 
with a single session of PACE, repeat PACE thus 
usually needed. Although most prostate tumors 
are supplied by prostatic arteries, some lesions, 
especially in giant tumors with adjacent organs 
invasion, have multiple feeding arteries. It is crit- 
ical to identify these arteries accurately prior to 
PACE, so as to achieve better outcomes and avoid 
nontarget embolization. 


10.2.8 Conclusions 


Prostate sarcoma is a rare tumor that is usually 
very large at the initial presentation. Regardless 
of the initial tumor size, grade, and histological 
subtype, the overall survival rate remains very 
low. Complete surgical resection, especially, 
microscopically negative margins, is critical for 
cure and is essential for long-term survival. It is 
necessary to perform long-term surveillance to 
detect relapses. Salvage surgery can prolong sur- 
vival in patients with isolated local recurrence. 
The role of PACE seems promising in controlling 
locally advanced lesions, and warrants further 
study in this particular setting. 
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